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PREFACE. 



In the following treatise on the comparative commercial values 
of different gas coals and cannels, I have endeavoured, as 
concisely and clearly as was possible for me, to re- state the 
principles affecting their values, and illustrating the manner in 
which they may be applied to actual use. 

The method I formerly recommended, I haTe considerably 
simplified, using tables in one instance where I previously 
resorted to calculation. I have also substituted constants for 
proportion, and have further given a few examples where the 
more tedious portion of the calculations are estimated with the 
aid of logarithms, so that the whole process of estimating the 
sum of the values of the various products produced from gas 
coals and cannels has been considerably abbreviated, with no 
sacrifice as to accuracy of results, but rather the reverse. 

At the end of the book, two graphic delineations of the value 
per 1000 of the various qualities of gas produced from the first 
and second series of valuations, are given, from which I have 
deduced another simple method of valuing the gas produced 
from coals and cannels. 

1 need not here dilate on the importance of this question to 
those interested in the financial success of gas undertakings. 
Years ago, when challenged to prove that an inferior quality of 
coal here referred to was comparatively worthless for gas 
manufacturing purposes, I had then no means of substantiating 
the statement, nor of refuting an opposite opinion. I now 
submit a method of ascertaining the comparative commercial 
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value of coals and cannels, which I believe will be useful, as 
tending to encircle with law and rule, one of the most important 
of the many questions connected with the economics of gas 
manufacture. 

At the end of the papers treating of coal and cannel valua- 
tion, I have added one treating of the method of ascertaining 
the cost of adding a candle to the illuminating power of gas, 
which may also prove serviceable. 

I trust the methods of valuing I have here recommended and 
illustrated, may, when occasion requires, be found available, to 
those who may have occasion to resort to some such mode of 
computing the comparative commercial values of different 
qualities, and variously priced materials for gas manufacturing 
purposes. The methods here given and illustrated may bo varied 
to suit any particular case, although the tables, constants, (&c., 
d^c, will in each instance have to be calculated so as to meet 
the wants and circumstances of that particular district or place. 

And now, after intermittently devoting my attention to a 
consideration of this subject during some of my leisure hours 
for several years past, I take leave of the subject, not without 
a hope, that, in a measure, my efforts may, to some extent, prove 
successful, in bringing to a solution a question which must 
be deeply interesting to those who are directly or indirectly 
connected with gas undertakings. 

David Allan Graham, 

Engineer, 
London, May 1882. 
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ERRATA. 



Page 10. For ** included in his valoation," read ** included in this valua- 
Uon." 
Page 16. For ** found fipom the olution,** read ** found from the solution.* 

Page 56. Far ** states that eannel " read ** states that ( ) canneL'* 

Page 60. Below Log. of 100 

the sum equals 7*64769498 

I»g. 630720 = 5-79988860 

Log. 70-447 = 1-84786188 
Page 96. For ** I60. delivered," read ** 15<. 9d. delivered." 
In Plate 2. Fig. 9. For " + 181-5 candles," read + " 181«5 pence." 



the coal or cannei whoee qualitiee will best Batiflfp" all the con- 

B 



2 Cfimparative Commercial Values of 

ditk/nn mrjfft or/ndacdve to economic working, together with 
profK/rtJonato lowncHM of price, will necessarily be that which 
will enable ga« of standard quality to be manufactured at the 
minimum of ctmiH Ut the a>nsumer, and the maximum of profit 
U) the manufacturer. 

Without descending too minutely into minutia and detail, 
the following catalogue of particulars will embrace the principal 
items and proilucts, whose values affect and determine the 
relative values of different qualities of gas coals and cannels. 

These are : — 

A. The quantity of gas in cubic feet, or stated in terms of 
any other c^jnvenient measure of capacity or volume— per ton — 
or in terms of any other convenient unit of weight, this par- 
ticular samjdo of coal or canncl will produce. 

B. The illuminating power of the gas produced, stated in 
terms of some uniform standard of illuminating power, such as 
the standard candle, or other statutory or arbitrarily chosen 
standard of mousuro, selected for ascertaining the relative illumi- 
nating iM)wers, of different qualities of gas, these qualities also 
being measured and expressed in terms of some burner chosen 
to am^ctain or express this illuminating power for all qualities 
of gas. This value being ascertained equationally for illumi- 
nating powers which the burner would be found incapable of 
incMiMuring, oxoept by using such gas diluted with some other 
known quality and quantity fromwliioh the illuminating power 
of the gas whoso illuminating power is sought can be deter- 
nnnod. 

(\ The weight in jwunds of rod-hot unslaked coke a ton of 
iHMil or iHinnol will produce — the percentage of ash this coke 
ottntniuH ; togt^thor with the evaporative power of tliis coke as 
HiKvrtnintMl in funiaiHHt heating lH)iler8 open to the atmosphere, 
and m) iHtnstnictoil as to l)o suitable for ascertaining this 
valuo. 

l>, Tho weight in ihmuuIs, and the strength of the ammonia- 
oal liquv^r priHluixnl fn>ni a ton of material, stateil in terms of 
TwaddoVs hydnnnotor, or in ounces of sulphuric acid, together 
with tho woight of carUmic acid aiul sulphurettoil hydrogen 
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present in the production of liquor from a tbn of the coal or 
cannel. 

E. The weight of tar in pounds a ton of coal or cannel 
produces, together with its fractional analysis obtained by dis- 
tillation — giving the weight of pitch ; naphtha ; or other valuable 
constituents present, and the weight of such other products as 
anthracine, or other dye ; which may tend greatly to enhance its 
value. 

F. The volume — or preferably the weight of carbonic oxide 
present in the gas, and whether this may not be partly due to 
the laminations of vegetable charcoal sometimes present in the 
coal (as is the case with some qualities raised at Newcastle, 
N. S. W., used for gas manufacturing purposes, and not unfre- 
quently in this country as well), a cause separable from retaining 
a charge of coal or cannel — converted into coke during the pro- 
cess of carbonizing — too long in the retorts. Thereby roasting 
the red hot coke, which then disengages considerable quantities 
of carbonic oxide (leaky retorts and excessive exhaust may be 
made to produce a similar result from the imperfect combustion 
of the furnace gases, which is of course a cause distinguish- 
able from carbonic oxide in the gas generated in the retorts). 

G. The carbonic acid present in the whole 'of the crude gas 
produced from a ton of coal or cannel. 

H. The sulphur compounds, sulphuretted hydrogen, and bi- or 
di-sulphide of carbon present in the gas a ton of coal or 
cannel produces. 

In estimating and allowing for the difference of the costs of 
purification for different qualities of gas coals and cannels^ 
that is the cost of removing the carbonic acid, sulphuretted 
hydrogen, and bi-sulphide of carbon, which remain in th^ crude 
gas, after a portion of these impurities have been removed, 
while the crude gas was in contact with the ammoniacal 
liquor, the better way seems to be to ascertain the number of 
pounds and the fraction of a pound of anhydrous or unslaked 
lime, requisite to purify 1000 cubic feet, or by preference the 
whole of the gas produced from a ton of the coal or cannel sub- 
mitted for purchase and valuation. The weights of lime re- 

n 2 
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quired to effect 'purification as set forth in some tables of 
anal} sin, are not iu frequently much in excess of the quantities 
required in actual practice. This is in some cases doubtless 
due to the fact, that in practical working, the lime is thoroughly 
exhausted, not fewer than three out of four purifiers being used ; 
whereas, for experimental work, one purifier is not infrequently 
used, wliich is changed or renewed for another, as soon as it 
begins to foul, and thus the return is much in excess of results 
obtained practically. 

The inlet area of a system of purifiers ought not to be less 
than one superficial foot for each 1000 cubic feet of gas, passed 
through them per 24 hours, a rule I published some eight years 
ago, when reporting on the condition of Macclesfield Gas 
Works. 

The cost of lime and labour being known for each individual 
case, it would be easy to include the difference of these costs in 
any valuation. For instance, suppose that in a particular case 
it required 100 lbs. of lime to purify the 10,000 cubic feet 
produced, from some particular coal or cannel, and that the 
costs for lime and labour equalled \il, or 0* 75d. per 1000, equal 
tol'bd, or l}gd, per ton, oi per 10,000 cubic feet for this material, 
and that another coal or cannel producing 10,500 cubic feet 
required 120 lbs. of lime to effect its purification. Then these 
two costs, lime and wages, are to be estimated for conjointly. 
And the differences in costs for purification are to be ascertained 
as follows : — 

First ascertain this cost per 100 lbs. of anhydrous or unslaked 
lime, which we shall in this case assume to be 7-5d. Then, 
should a coal or cannel require only 80 lbs. to purify the gas 
it produced, while another required 120 lbs., the difference 
between 120 X I'bd. and 80 X I'bd, would give the value 
required, equal 9J. — Gd. = a difference of 3d. I have, un- 
fortunately not been able to include this charge in all of the 
following valuations, as the apparatus with which 1 made these 
analyses was not fitted up with more than one purifier. 

We shall now proceed to inquire seriatim into how these 
everal primary and secondary products, together with the 



Gas Coals and Cannds, 5 

impurities enumerated, affect the commercial values of gas coals 
and cannels. 
First, then, 

A. The Quantity in Cubic Feet jl Ton of Coal or 

Cannel will Produce. 

The volume or quantity of purified gas a ton of coal or cannel 
will produce, is doubtless conniderahly in excess of the quantity 
obtained from actual practical working, and theoretically may 
bo defined as that quantity or volume, which would be generated 
by such a destructive distillation of the coal or cannel at high 
he^ts, as would render the whole of the hydrocarbon compounds 
capable of being rendered gaseous, into permanent gas, less the 
carbonic oxide, a product of heated coke, and* of some coals used 
for gas manufacturing purposes, containing laminations of 
vegetable charcoal, but here too principally produced during the 
end of the duration of a charge, when the freed oxygen unites 
with the carbon to form carbonic acid, carbonic oxide, or with 
hydrogen to form water. Carbonic oxide is an impurity which 
is not removed by present means of purification, but it is 
prevented from being generated in quantity, by limiting the 
duration of the charge, and thus avoiding its being diffused 
through the hydrocarbon gaseous products.* 

The percentages of hydrogen, marsh-gas, heavy hydrocarbon, 
and olefiant gas generated from the same materials at different 
temperatures, does not concern us in the present inquiry. \A'e 
leave this for the chemist. But the report of a test of gas coals 
and cannels should manifestly present a fair statement as 
between colliery proprietors and gas committees, of the several 
products the coal or cannel submitted for purchase produces. 

li fairly sampledy how is this to be done ? 

Dr. Siemens has recently stated, vide * Nineteenth Century,' 

* Carbonic oxide might yet form one of tbe products sold by Qaa Ck)mpanie8, 
wliicli would give coke and breeze a new value, if the whole or part of the 
oxygen required were obtained from the decomposition of water by electricity, or 
otberwise, the resulting combustion temperature, after this gas had been cooled 
down for distribution, would be high, and such gas could possibly be sold for 
Sd. per 1000. 
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paper on ** The Sun," that the temperature at which oertaih 
gases are decomposed or chemically disassociated from each 
other, as stated by Bunsen and Sainte-Claire Deville, or to quote 
his language : " The point of decomposition of different com- 
pounds depends upon the temperature on the one hand, and the 
pressure on the other. According to Sainte-Claire Deville the 
disassociation tension of aqueous vapour at atmospheric pressure 
and 2800^ C. is 0*5, that is, one half of the vapour would exist 
as such, the remaining half having formed a mechanical mixture 
of oxygen and hydrogen." The temperatures for the disassociation 
of hydrocarbon vapours are not given, but temperatures much less 
intense than this would prove destructive to the life of a retort, 
whose internal working temperature equals 2150^ Fahrenheit, 
a temperature which may possibly deoompose some of the con- 
stituent gases ; leaving deposits of sooty carbon in the ascension 
pipes, scurf in the retorts, and liberating the combined hydrogen. 
In laboratory experiments, where the 1 000th, or 500th part 
of a ton is experimented on, and when the duration of the 
charge does not exceed three or four hours, the coal or cannel is 
subjected to a high heat, and lies in a thin layer on the bottom 
of the retort, enabling the gas, during the disintegration of the 
coal to be liberated from the centre of its mass much more 
freely than is usually the case with practical working, and six 
hours' charging ; in the latter case some products which would be 
rendered gaseous in the small experimental retort, are in the 
larger one converted into tar. The consequence is that largo 
results are usually obtained, more especially as regards volume, 
with experimental working, as, for instance, in a case with which 
we are familiar, there is an excess of 10 per cent, in both makes 
and illuminating power in the laboratory experiments as compared 
with the lx)8t practical working from the same material used 
dry, which is equal to a decrease of 19 per cent, on the two 
taken conjointly, thus — 

10,000 X 10 = JOO 
9,000 X 9 = 81 



1 9 per cent. 
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So that laboratory tests may be said to exceed practical tests 
by 20 per cent. But with coal liable to be exposed to wet, the 
disparity would of course be greater. 

Are laboratory experiments then, frequently made from picked 
samples, to form the basis from which the commercial value of 
any particular quality of coal or cannel are to be estimated ? 

The fact of the matter is, few gas managers place much con- 
fidence in reports which are not drawn up by themselves. Is 
it then a- question of ratio ? If aU were valued from this ex- 
aggerated basis, would not the proportional result be the same ? 

This specious method of reasoning is not altogether applicable 
to practical matters, involving financial success or loss, the 
tenth part of a ton, equal to 224 lbs., would be a little enough 
quantity of material to experiment on for a charge, and would 
give a more satisfactory average result — a mean between 
practical working results, and those obtained from testing small 
quantities. For purposes of commercial valuation, the volume of 
gas produced from a ton of coal or cannel will be that quantity 
which will be obtained from carbonizing a reasonably large 
quantity of the material to be tested, in a good sound retort, 
raised to a fair heat, the coke being withdrawn as soon as it 
becomes heated to redness, and ceases to give off other than 
carbonic acid, or carbonic oxide gas, or hydrocarbons of very low 
illuminating power, a condition usually obtained by retaining a 
charge in a retort from three and four to six hours ; the best 
results being those which are obtained from the highest 
numbers found by multiplying the quantity produced in cubic 
feet by the quality of the gas produced in candles : thus 
10,000 X 15 candles = 150, would give a better result than 
11,000 X 12 candles = 132, — carbonic oxide, or hydrocarbons of 
low illuminating power, reducing the resulting integers to a less 
number than the result giving the lesser production of cubic 
feet of gas per ton, but a larger illuminating power ; a rule 
which may prove serviceable for practical economic working, 
and one applicable to several other purposes in gas manufacture. 

In a gasworks it is necessary daily to produce such a 
quantity of gas, continually varying with the season of the 
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year, weather or other conditions, as shall adequately supply 
the daily wants of the public. 

It will consequently require less of a rich coal or canncl pro- 
ducing a large volume of gas to supply the public wants and 
demands, than if this gas had to be supplied from coals or 
cannels yielding a small return per ton. Thus, if the production 
were half as much per ton in one case as it was in another, 
where a better class of material was use J, double the number of 
retorts would require to be kept in use, double the carbonizing 
wages would be paid. The wear and tear would be doubled. 
The size of the retort house would be doubled. The coke used 
for firing would be doubled. The capital expended for retort 
houses and settings would be doubled. The interest for the same 
would fidso be doubled. The cost of repairs and renewals would 
also be doubled. All of which items, favourably or unfavour- 
ably, affect the commercial value of gas coals and cannels. 

For a quality of coal or caunel producing, say 10,000 cubic 
feet per ton, the stokers' wages in one particular case, repre- 
sentative of a number of others, would equal 2«. i\d. per ton of 
coal or cannel carbonized, which includes wheeling the coal to 
the retorts, charging, drawing, and firing, cleaning fires, and 
wheeling the coke out of the retort house. 

The fuel used in a setting of retorts, should be valued at the 
average price of the whole of the year's, or preceding yearns sales, 
and in the following vcduations it will be assumed to be worth 
6d. per 100 lbs., equal to 11«. 2\d, per ton. The value of 
secondary products in such computations as these, being more 
easily ascertained per 100 lbs., which is also now a legal weight, 
and is denominated a cental. 

The weight of coke used in the furnace of a retort setting we 
shall estimate at one-fifth of the weight of coal carbonized, 
which is probably nearly the weight of best gas coke required 
for firing purposes in a well-set bed of retorts, being equal to 
20 per cent, of the weight of coal carbonized, and would equal 
448 lbs. for each ton of coal or cannel carbonized. The cost 
for coke for firing jjor ton carbonized would therefore equal 
4-48 X 6(1. = 2«. dd. 



Gas Ccah and Cannds, 9 

In valuing the receipts for gas and the secondary products a 
ton of coal or cannel produces, the values should all be compared 
with the quantity of gas per ton as measured at the station 
meter, the question of leakage being one which is not in- 
volved in the consideration of this question. 

In a Lancashire town, a setting of retorts is on the average 
required to carbonize from 800 to 1000 tons of coal and cannel 
per annum. A setting of retorts, with connections, roofing, and 
walls complete, will cost about £500, 10 per cent, on which 
amount equals £50, which, divided by 1000 tons, equals 1«. 
per ton for interest on each setting of retorts ; it will be evident 
that the poorer the quality or productive power of the coal or 
cannel used, the greater must bo the number of retort settings 
in use, so must the interest charged be proportionately increased 
for working the poor coal as compared with the richer one, and 
in a comparative valuation, this difference resolves itself into a 
charge against the poorer material. The cost of renewals and 
repairs (a setting such as the one indicated, five retorts, will 
carbonize from 5 tons 5 cwts. ; to 6 tons 6 cwts. per day 
of 24 hours) * of retort settings may here be taken at the same 
amount as the interest charged per ton for settings, namely at 
1«. per ton of coal and cannel carbonized. These several charges 
will therefore, in the aggregate, amount to 6«. 8(?., equal Q'QQM. 

8, d, 
448 lbs. of coke used for fuel at lis. 2^d, per ton .. 2 3 
Stokers' wages, at 2«. 5d. per ton carbonized .. .. 2 5 
Interest for use of settings, at 1«. per ton carbonized 1 
Eepairs and renewals, at la. per ton carbonized 10 



Together making the charge of .. 6 8 

Now as only a certain definite quantity of gas was required 

to be manufactured, it would require less of a richer coal or 

cannel, producing, say, 11,000 cubic feet per ton to produce this 

quantity of gas, than that poorer quality producing 10,000 

I* . p aft v/ 1 a 
cubic feet. yi = 6*0606 shillings, would therefore 

♦ These retorts arc 20 fcct long, by 2t inches aeross. 



10 Comparative Commercial Valiies of 

represent the value of those charges for a coal or cannel or a 
inixture of both, producing 1 1,000 cubic feet : for one producing 

9000 cubic feet, they would amount to ^ =7*4. 

The following table, based on these costs for 10,000, namely 
68. Sd.y gives the rise in cubic feet for these costs corresponding 
to each rise of Id. between 7000 cubic feet and 16,666 cubic 
feet, and the annexed diagram (Fig. 5) shows graphically the 
same results, for whole number makes between 7000 and 16,000 
cubic feet. 

It might be thought that the coke should not be included in 
his v€duation at one constant price for all these makes, inas- 
much as for coals yielding inferior makes, the quantity of coke 
produced must necessarily be much larger, and as the market 
must be correspondingly glutted — ^the supply increased for no 
increase in demand — the price realised will be less, at least, in 
winter. But if it be remembered that a larger quantity of the 
inferior quaHty wiU be required for firing, that there will be a 
corresponding increase in clinkering, besides that due to inferior 
coke made from inferior coal, then it will be apparent, especially 
as makes must also, or may be, affected as well. That for these 
reasons it will be seen we have fallen into no error in valuing 
the whole coke used for firing at one uniform price, a principle 
which also equitably affects the value of coals giving large pro- 
ductions (makes) per ton. We shall here illustrate how this table 
is to be applied to actual use. 

One coal produces 10,666 cubic feet, while another produces 
8,320. The tabular costs for the former, equals 6«. 3d. ; for the 
latter, equals 8«., a difference of Is. 9d. In the one case the 
colliery proprietor's coal or cannel (in the valuation^) gets the 
benefit of this la. 9(2., and it is paid to him in consideration of 
the superior productive quality of his coal ; in the other case it 
is a charge against the coal as this Is. 9d. has to be paid either 
for the superior coal, or the gas company must meet this 
charge by an equivalent outlay in wages, interest for capital, 
fuel and repairs, if the inferior one be used instead. It will be 
observed that it is the difference in these charges, for differences 
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in makes rniZy, which is taken into account in these computa- 
tions. The reason will be apparent. The difference is that 
which is necessarily paid for in any case, and which must be 
provided for; wages must bo paid, capital must be raised, 
interest should be paid on it. Fuel must be used, but excesses 
which arise from the use of inferior material are a charge 
against such material. This inferior material may be used 
profitably, but only at a price^ a price which involves no loss, 
but a higher, or as much profit. 
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•000 
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It must be understood that we are here treating of a principle. 
The practice must, of course, in all cases be altered so as to 
conform to the requirements of the particular case. The figures 
here given are more applicable to some Lancashire towns, but 
wherever different costs for these and aU following values arc 
computed, they should in each case be made applicable to the 
peculiar circumstances, and the costs current for that district ; 
but in any case, when these costs are ascertained, a table similar 
to the one supplied can speedily be calculated by means of 
logarithms, or by the longer method of actual division, by 
computing this charge in any particular case for a coal pro- 
ducing 10,000 cubic feet, and dividing it successively by all 
prices intermediate between the limits chosen, in this case 
between 7000 and 16,666 cubic feet. 



B. Illuminating Power. 

And now we shall proceed to consider the question of Illu- 
minating Power, and its relation to the commercial values of 
gas coals and canuels. 

Coals and cannels may be said to possess a considerable 
variety of illuminating powers, varying with the burner used. 
The rate of burning, and the pressure at which the gas is 
delivered at the burner. Gas companies using high iUuminating^ 
powers, testing with bat*s-wings, fish-tails, or other suitable 
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burner, specified by statute, while those manufacturing common 
gas in some cases use the older forms of Argand, as stipulated 
by older Acts of Parliament, or in other cases, the more modem 
description of burner known as Sugg's Referee's London Argand. 

The choice of burner must of necessity affect the results 
obtained. 

The illuminating power of cannel gas, as ascertained in a 
bat's- wing, flat-flame, or fi;sb-tail, will, in all probability, differ 
from the result obtained when a percentage of the same gas 
is used along with common coal gas, and in this latter case the 
readings will generally be larger or higher than the results 
obtained from the bat's-wing. The burners of most recent 
construction such as Sugg's, Siemens', Bray's, &c., may doubtless 
give better results than any specified by metroix)litan or pro- 
vincial Acts of Parliament, and they will give higher illumin- 
ating power for similar qualities of gas, but for valuing the 
gas produced (commercially) in a cannel, the result should be 
given not only in terms of the bat's-wing, or of the other test 
burner for burning that quality of gas, but also in terms of the 
burner selected arbitrarily from among burners for testing 
commoner qualities of gas. The value in this case might be 
denominated the eqtiational illuminating power of cannel gases, 
expressed in terms of the standard burner used for ascertain- 
ing the quality of common coal gas for purposes of public 
illumination. 

The illuminating iK)wer of cannel gas should therefore be ex- 
pressed in terms of solne statutory burner suitable for burning 
it by itself, such as a bat's-wing, and also in terms of some such 
burner as Sugg's Referee's London Standard Argand. 

ffigh illuminating powers are generally being abandoned, 
while low ones are as generally being raised, so that for 
purposes of the cowwicrctaZ- valuation of gas coals and cannels it 
is this equational value of the illuminating power of the gas 
which should be taken into account, when we assign a money 
value to the illuminating power produced, and inasmuch as the 
coal and cannel gases thus reported on, from their use in a 
burner which can be made applicable for ascertaining the illu- 
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minating powers of both ; we shall hereafter assume that it is 
this equational illuminating power which has been obtained in all 
cases for cannels, to be made applicable for the commercial 
valuation of the gas they produce; and now as to how this 
equational value of illuminating powers for cannels may bo 
obtained, and a definition of what it is when found. 

The equational illuminating power of cannel gas is that 
illuminating power found from using an equational formula, 
for finding the illuminating power the gas produces, when used 
along with a certain known quantity of common coal gas (or hydrogen), 
whose illuminating power has already been ascertained, and can 
be allowed and estimated for in the mixture. We have not 
heard of hydrogen gas being used for the obtaining of this 
value ; but from the facility with which it could be produced 
by decomposing water with electricity, taken together with the 
fact that it burns with no illuminating power, it seems to be 
an extremely suitable means for obtaining this illuminating 
power, with a greater certainty of accuracy than when coal 
gas is used for a similar purpose. Thus, suppose. 100 volumes in 
any particular cubic measure of a mixture of hydrogen, and 
cannel gas, were burnt in Sugg's London Standard Argand 
Burner, and that it gave an illuminating power of say 15 
candles, and suppose fifty volumes of this mixture consisted of 
hydrogen, which has no illuminating power, and that the other 
fifty consisted of the cannel gas to be tested and reported upon ; 
then it is evident that the cannel gas would produce 30-candle 
gas as measured by that particular burner — if two-thirds 
hydrogen were used in the mixture, the illuminating power of 
the cannel gas would be reduced to one-third of its actual 
value, in the case of 30-candle gas to 10 candles, and if one-third 
the volume of hydrogen were used for two-thirds the volume 
of cannel gas, the illuminating power would be reduced by one- 
third. Twenty-one-candle gas woidd be burnt with the hydro- 
gen as 14-candle gas, and so on for other proportions. 

Where gas of low illuminating powers may be preferred, the 
equational illuminating power a cannel gas produces may be 
found as follows. 
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A mixture of 50 per cent, of coal gas, plus oO per cent, of 
cannel gas, when tested with Sugg's Standard London Argand 
burner, gave an illuminating power equ€d to 18j^candle gas. 
The illuminating power of the coal gas when tested alone, was 
found to be equal to twelve candles — what was the illuminating 
power of the cannel gas in terms of Sugg*s S. L. A. B, Let I 
represent the illuminating power of the cannel gas, and i the 
illuminating power of the coal gas. Then generally I x per- 
centage of cannel gas + i x percentage of coal gas = illu- 
minating power X 100 per cent, of the mixture, as in the case 

supposed. 

(I X 50) 4- (* or 12 X 50) = 100 x 18-5 
(I X 50) 4- 600 = 1850 

Therefore I = =7: — — 

Therefore I = 25 candles. 

Or again, 100 per cent, of a mixture of common and cannel gas 
produced 17'25 candles. The mixture contained (d(S-QiS per cent, 
of coal gas, whose illuminating power when tested by itself was 
equal to 13*75 candles. Then 

(I X 33-33) 4- (t or 13-75 X 66-66) = 100 X 17-25 

(I X 33-33) 4- 916-575 = 1725 

= 1725 - 916-575 

33-33 
.-. I = 24-35 candles. 

So that the illuminating power of this cannel gas stated in 
terms of Sugg's S. L. A. burner, as found by this equational 
method, equals 24*35 candles, and it is this result, obtained from 
testing by means of the standard burner, which at the time, 
and by general consent, is looked upon as the standard burner 
for such illuminating powers as 16-, 17- and 18-candle gas, which 
is to be taken as giving that illuminating power suitable for com- 
puting the commercial values of different qualities of cannel gas 
— except in cases where high illuminating powers are used by 
the public, when the illuminating power of the cannel as tested 
by a bat's- wing, or other suitable burner is to be substituted, 
although such cases are likely to become rarer every day. 
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The burner hereinafter referred to will therefore be Sugg's 
Standard London Argand, containing 24 holes, each 0*045 in. 
diameter. Tbe steatite top having an internal diameter equal 
to 0*840 in., an internal one of 0*480, and a chimney for 16- 
candle gas, 6 inches high by 1| in. internal diameter. 

It will be most convenient here to advert to an equational 
method of ascertaining the approximate makes and illuminating 
powers of coals and cannels; where the coal or cannel with 
which the material to be tested, is found to be comparatively 
uniform in quality, and when its illuminating power and pro- 
duction per ton are known. In the following case let us assume 
that 42*55 per cent, of a coal is used which produces 9000 cubic 
feet of 12-candle gas, together with 57'45 per cent, by weight of 
a cannel whose illuminating power and its return per ton are 
unknown, but that the mixture produces 9572*2 cubic feet per 
ton, and that the illuminating power of the mixture equals 18 
candles, and let K stand for the return per ton, and I the 
illuminating power of the gas produced from this cannel. Then 

(9000 X 12 X 42-55) + (R X I X 57-45) = 100 Xl8 X 9572-5. 

First find R, the return per ton of the cannel, which will be 
found from the olution of the following equation : — 

(9000 X 42-55) -f (R X 57-45) = 100 X 9572*5 
or (382950; + (R X 57-45) = 957250 

R X 57-45 = 957250 - 382950 = 574300 

^ 574300 ,. ^ 

/. R = gy.^g = 10,000 cubic feet 

nearly. 

Substitute this value of R 10,000 cubic feet for its symbol in 
the equation and it becomes, 

(9000 X 12 X 42 -55) + (10,000 x I X 57-45) = 100 x 18 x 9572 -5 

an equation containing only one unknown quantity, I, the illu- 
minating power this cannel will produce, — then 

(4595400) X (574500 X I) = 17230500 
.-. 674500 X I = 17230500 - 4595400 = 12635100 
^ 12635100 ^^ 
- ^ = 574500 = 22 ^^^1^- 
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Therefore this cannel produces 10,000 cubic feet of 22- 
candle gas. 

A mixture of 50 per cent, of coal and 50 per cent, of cannel 
produces 9777 cubic feet of 18'5-candle gas, the cannel (W Y) 
was found to produce 10,033 cubic feet of 21'3-candle gas, how 
much did this coal (W R and R *) produce to the ton ? and what 
was the illuminating power of the gas ? 

Let r = the return per ton of the coal, and i the illuminating 
power of the gas it would produce. Then (r x » X 50) -f 
(10-033 X 21-3 X 50) = 9777 X 18*5 X 100. 

First find r, the return per ton of the coal. 

(r X 50) + (10,030 X 50) = 9777 X 100 

(r X 50) + 501650 = 977700 

.-. r X 50 = 977700 - 501650 = 476150 

476150 ^^^^ ^. ^ , 
/. r = — TK — = 9523 cubic feet. 

Restate the original equation, substituting the value of r for 
its symbol ; then, 

(9523 X t X 50) + (10033 X 21-3 X 50) = 9777 X 18-5 +100 
or (476150 X t) + 10685146 = 17087450 
.-. 476150 X t = 17087450 - 10685146 = 6402304 
. 6402304 ^^ ^ 
•*• • "?" 476150 =13 '^candle gas. 

This coal therefore produces 9523 cubic feet of 13*4 candle 
gas, results which nearly approximate to those obtained when 
this coal was tested separately in a testing apparatus. 

The coal and cannel gas are here tested together in the 
burner, which is thus made a means of measuring the illuminat- 
ing power of both. If the coal and cannel are charged in 
separate retorts the effect will be much the same as blending 
and diffusing the two gases separately. When the coal and 
cannel are mixed in the same retort, the chemical effect pro- 
duced, such as the composition and percentages of the consti- 
tuent gases may vary from that produced by a diffusion of the two 
after being produced separately. We have not seen a chemical 
analysis of the two methods of working, and shall therefore 
venture no remarks as to their separate effects. 

c 
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There are several items in connection with this question of 
comparative commercial values in which illuminating power 
and the production per ton are to be considered conjointly ; and 
here at the outset, let us disabuse our minds of a fallacy which 
has obtained some currency — quality multiplied by quantity, 
lalthough a useful number for certain purposes, is not to be 
confounded with a method hereafter to be described and illus- 
trated for ascertaining the relative commercial values of the gas 
produced from gas coals and cannels. Thus, supposing a coal 
produces 10,000 cubic feet of 12 candle gas, and a cannel pro- 
duces 12,000 cubic feet of 20candle gas, then the cost of this 
10 X 12 = 120 candles per 1000, is not to he taken as a measure 
of the commercial value of the gas produced from any other 
coal or cannel, as for instance of this 12 x 20 = 240 candles per 
1000 produced from the cannel. The object to be attained by a 
comparative valuation of different qualities of coals and cannels 
is to know in difficult cases, or in any case, from what material 
gas can be manufactured in any particular district at the cheapest 
rate commensurate with legitimate profit, and the maintenance of 
the standard quality of gas. Circumstances affect the value of 
gas coals and cannels, such as the competition of the general 
public with the gas companies, thus tending to raise the valuQ 
of certain coals above the price a gas company might in certain 
cases be able to manufacture gas from, economically; no 
arbitrary artificial value can therefore be assigned to the candle 
per thousand, applicable to the valuation of the gas produced 
from any variety of material — as a rule the cannel candle costs 
more in the cannel than in the coal — dependent upon its greater 
rarity ; what is to be sought for is a cJioice, or a method of 
choosing and ascertaining among a variety of coaU and cannefa 
that which i$ selling at such a price as will leave the largest 
margin for profit at the lowest remunerative price at which 
gas can in that district be sold. We have here digressed to 
combat such a statement as we have seen somewhere. '* In the 
Wigan district a candle per thousand may at present be con- 
sidered as worth x, we forget the amount. To say that x is the. 
value of the candle per 1000 in a particular case may be correct ; 
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bnt to make this a measure for all the candles per 1000 pro- 
duced from other coals or cannels is absurd and inaccurate— a 
fallacy which we trust to be able to exemplify as we proceed. 
And now we come to treat of a method which will enable us to 
determine the comparative values of gas produced from different 
qualities of coal or cannel, with as great accuracy as we believe 
it is possible to attain to in matters of this kind. 

In *The Journal of Gas Lighting' and in the first edition of 
a pamphlet treating on this subject, I gave a graphic represen- 
tation of a method of ascertaining the illuminating power, and 
the makes produced from mixtures of coal and cannel inter- 
mediate to the limits produced from either. To those who are 
curious on this subject I have at the end added a paper treating 
of graphic methods of representing makes and illuminating 
powers. 

We are here stating only what seems absolutely essential for 
the consideration of the question under discussion, and shall 
therefore only give the rule and the formulae, an adaptation of 
the arithmetical rule of allegation, which will enable us to 
ascertain the percentages of coal or cannel requisite to manufac- 
ture any quality of gas intermediate to the qualities the coal or 
cannel will separately produce, as also the makes which will 
correspond to this intermediate quality of gas, and which will 
be found from the following rules. 

At the end of the book one diagram represents graphically 
the results obtained from various qualities and prices of gas per 
1000 as contained in the first series of valuations, from which 
another and very simple method of valuing the gas in coal has 
been deduced. 
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BULE FOR FINDING THE MaKES AND PERCENTAGE OF COAL AND 
CaNNEL required TO BE USED TO MANUFACTURE A QUANTITY 

OF Gas intermediate to the Quality produced by either of 
THE Materials to be used in the Mixture. 

Find the difference between the illuminating power of the gas 
produced by the coal, and the quality required to be produced, 
and find the same value for the cannel. State this difference of 
illuminating powers for the coal opposite the illuminating power 
of the cannel, and the difference between the illuminating 
power of the cannel and the illuminating power required to be 
produced, opposite the illuminating power of the coal. Then 
these two numbers will represent the numerators of fractions 
whose denominators are the values of the returns per ton 
the coal and cannel will severally produce. These returns per 
ton representing the denominators of these fractions being placed 
under these crossed numerators — ^but opposite to the illumina- 
ting power corresponding to these returns per ton. Keduoe 
these two vulgar fractions to their least common measure, after 
bringing both fractions to a common denominator. Then will 
their sum (the sum of the numerators) be to any one of them, as 
100 is to a?, and 100 — « will give the other value y, from 
which percentages the corresponding values of the returns per 
ton may be obtained by multiplying these numbers (percentages) 
by the returns per ton for each, and adding the results for their 
common return per ton. 

The following formula will give expression to the foregoing 
method of computing the values of these percentages, and the 
returns per ton a mixture of these percentages will produce. 

Let N R = the make of the coal, N M the make of the cannel, 
P R the illuminating power of the coal, and M L the illuminating 
power of the cannel, and let M T = the intermediate illumina- 
ting power required to be manufactured from the mixture. Then 
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in the formulas MT = A, PR = B, LM = C, A-B = c, 
and C — A =r d, F = make of coal, and H = tho make of canneL 
I'hen grapliically, N P will = the make X the illuminating 
power of the coal, and N L the make X the illuminating power 
of the cannel. 

See Figure. 
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Let A equal tho intermediate value of the gas it is dosiroJ to 
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coal, and C the value of the quality of the gas produced from 
the cannel. Then, 

let A — B \^ d 
and A - C ^ c 

Further let the production per ton of the coal producing an 

illuminating power equal to B = F, and the production per ton 

of the cannel producing an illuminating power equal to C = H. 

d c 
Then will "jr'J'g = ^^6 sum of the values of the proportions 
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of the mixtures of coal and cannel requisite to produce that 
particular quality of gae A. 

Now ^ + ^ - ^ ^ 4- ^ ^ 

and d'R -\-e¥ will equal the sum of thone two numerators, 
and (d H + c F) : 100 : : d H : «, {d H) being the value of the 
numerator for the coal, and x the percentage of coal required, 
or (d H + c F) : 100 . : c F : y c F being the value of the 
numerator of the fraction for the cannel required, and y the 
value of that percentage, and 100 — y, or 100 — (c, will give 
the value of the other percentage required. 

And X into the return per ton the coal will produce, plus y, 
or 100 — 35 into the return per ton the cannel will produce, will 
together give the return per ton the mixture will produce. 

I shall now proceed to exemplify the manner in which this 
rule and these formulas may be applied to practice. 

Let it be required to manufacture 18-candle gas from a mixture 
of coal and canneL The coal producing 9000 cubic feet of 12- 
candle gas, and the cannel 10,000 cubic feet of 22-candle gas, 

18 candles — 12 candles \^4 
22 „ - 18 „ A. 6 

and 4 X 12 = 48 
6 X 22 = 132 

orl80andl?2 ^ |g 
10 

(10 here representing the sum of the volumes or cubic feet pro- 
duced by both), equals 18 candles, so that a mixture of 4 feet, 
or any multiple of 4 feet of 12-candle gas, plus 6 feet, or 6 feet 
into the same multiple of 22-candle gas, will together produce 
18-candle gas. 

We are now required to decide this quantity or volume in 
relation to the relative makes of the cannel and coal respectively. 
The coal produced 9000, the cannel 10,000 cubic feet per ton, so 
that I of a ton of coal -h tV ^^ ^ ^^ ^^ *^ cannel = 4S 4- |^ ; 
reducing those vulgar fractions to a common denominator, 
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then 1^ of both ¥dll produce 18-caudle gas, the ntunerator 
40 + 54 expresses the relative weights of coal and cannel, which 
must be used to produce 18-candle gas, and which are reduced 
to a percentage, thus : Their sum is to 100 per cent, as any of 
these numbers is to the percentage to be used. 

Thus 40 + 64 : 100 : : 40 : 42*55, and 100 - 42-55 = 57-45. 

Therefore 42*55 per cent, of this coal, plus 57-45 per cent of 
this cannel, will together produce 9574*5 cubic feet of 18- 
candle gas. 

For 42-55 per cent, of 9,000 = 3825*5 
57*45 per cent, of 10,000 = 5745*0 



9574*5 cubic feet with the 
decimals knocked offl 

As a further illustration, let it be required to find the 
percentages of coal and cannel requisite to produce 15*3-candle 
gas from a mixture of a coal producing 10,665 cubic feet of 
14*3-candle gas, and a cannel producing 9676 cubic feet of 20*3- 
candle gas. 

15*3 - 14-3 Wo 
15*3 - 20*3^ 1 

Then (14*3 X 5) + (20*3 X 1) = 91*8; the sum of the volumes 

91*8 . . 

are 6, and — «— = 1 5*3 candles. We merely give this as a proof ; 

it is quite unnecessary for making the following estimates : — 

1 5 

then ^g=g of this cannel + jQgg^ of a ton of this coal will pro- 
duce 15*3-candle gas, and 

1 , 6 10665 , 48380 



9676 10665 10J194540 103194540 
Then the numerators, 

10665 -h 48380 = 59045 : 100 : : 10665 : x or 18-06 
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If logarithms be used, it will be unnecessary to reduce the 
numerators of the fractions to their lowest terms, 

and 100 - 18-06 = 81-94, and 
81-94 X 10-665 = 8738-9 cubic feet, 
and 18-06 X 9-676= 1747-48 



So that the mixture will produce 10,486-34 cubic feet of 15-3- 
candle gas. 

These two examples, together with the following, may at 
present suffice to exemplify the practical application of the 
preceding rules and formulas. As we proceed, I shall give a 
few examples, wrought out with the aid of logarithms, which 
may prove useful to those who should prefer to make part of 
the calculations more expeditiously, and with less labour than 
by arithmetical rules. 

A coal, G L H, near M, produces 7400 cubic feet of 11-91- 
candle gas, and a cannel 10,875 cubic feet of 24-25-candle gas, 
let it be required to manufacture 18-candlo gas from mixtures of 
this coal and cannel, what percentage of each will be required ? 
and what will be the value of the return per ton ? 

18 - 24-25^ 6-09 
18 - 11'91<A 6-25 

609 625 4506600 6796875 
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10875 ^ 7400 80475000 ^ 80475000 

and 4506600 + 6796875 = 11303475 

and 11303475 :100 : : 6796875 : x or 52-513 

and 100 - 52-513 = 47-487 

So that 52-513 per cent, of this cannel, plus 47*487 per cent, of 
this coal will make 18-candle gas, and the make of the mixture 
will equal 

52-513 X 10-875 = 5718-8 
47-487 X 7-400 = 3514 



9232 • 8 cubic feet. 
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Thus by logarithms 



Log. 609 = 2-7846173 
7400 = 3-8692317 
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Log. 6-6538490 = 4506600 



Log. 625 = 2-7958800 
10-875 = 4-0364293 



9» 



1» 



Log. 6-8323093 = 6796800 

11303400 
6796800 = 6-8323092 
100 = 2-0000000 



>» 



8-8323092 
11303400 = 7-1120404 



•9 



" Log. 1-7202688 = 52-513 per cent. 
10-876 = 4-0364293 



99 
99 



Log. 5-7566981 = 5718-8 

47-487 = 1-6765747 
6400 = 3-8692317 



Log. 5-5458064 = 3514 

9232-8 cubic feet 



And now we shall proceed to consider 

C. The Weight, Qualify and Comparative Commercial Value 
OF THE Coke a Coal or Cannel Produces. 

In the sixteenth chapter of the third book of John Stuart 
Mills' 'Political Economy,' there occurs a passage where he 
treats of "some peculiar cases of value," and in which ho 
illustrates the division of the subject he there discusses by 
instancing gas coke as a case in point ; we cannot for obvious 
reasons quote in eactenao, and shall therefore only transcribe a 
sentence which bears on the subject under discussion, and which 
will be given in italics in the following remarks. 

In assigning a commercial value to the coke a coal or cannel 
\)roduccs, the first thing to be determined is the average value 
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of tho coke produced for the preceding year, or for a series of 
years, unless such abnormal ones as 1872, for instance. The 
whole of tho money realised for coke, divided by the number of 
tons sold, forms a basis, together with the average quality, 
from which we may form a reasonable estimate of the relative 
commercial value of the coke produced from a coal or cannel 
submitted for approval and purchase. It does not often pay to 
store coke ; the expense of doing so, together with rapid deteriora- 
tion, and the rink of fire, make it generally more remunerative 
to dispose of tho make as it is made. The price at which coke 
sells will vary according to '* the law of demand and supply^*' and 
the law theU '* the demand for a commodity varies toith its value,** — 
'* and theU the value adjusts itself so that the demand shaU be equal to 
the supply** There are several principles which regulate the 
values of ooke, which when known may be turned to profitable 
account. Gas works producing rich gas made from cannels, 
may sometimes, from local causes, be enabled to sell an inferior 
cannel coke at what might appear to be an excessive value, as 
compared with a neighbouring town manufacturing common 
gas — less cannel gas is used, and a larger proportion of coke is 
also ret^uired for the furnaces ; the cannel may also produce a 
less weight of coke per ton, all of these circumstances tending to 
reduce the residue for sale, and on account of its greater rarity 
enhancing its saleable value in that district ; on the other hand, 
if gas is manufactured from an inferior quality of coals and 
cannels, which also produces a low average quality of gas, we 
must necessarily in that case obtain a less price per ton for the 
coke sold, than if the same quality of gas had been made from a 
first-class coal, and a good cannel ; the production per ton would 
be greater, but a less quantity of a superior quality would in all 
probability yield as much or more in money value. 

The same effects may also be made to follow if the process of 
carbonizing is carried too far ; to keep the quality of gas up to 
the standard, when too well burnt off charges discharge carbonic 
oxide into the holders, cannel is added, which of course de- 
teriorates and depreciates the selling value of the coke produced. 
The best practice, therefore, appears to be to use a first-class 
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coal during the depth of winter, and only as much of a good 
cannel producing a good quality of coke as will maintain the 
standard quality of gas, thus reducing the make of coke (but of 
good quality) to a minimum, and proportionally enhancing its 
value ; on the other hand, during spring, summer and autumn, 
the hurgy, or screenings of a first-class coal, if used fresh, with a 
good quality of cannel, will make less gas per ton, but more 
coke, tar and ammoniacal liquor. We may thus, to some extent, 
regulate both the price coke will command, and the quantity 
produced ; everything, however, will be subordinated to the 
question : Will it pay ? and what pays best ? The coke should 
always be offered at such a price as will keep stocks low, and 
clear the yard, as the public are not slow to take advantage of 
excesses of supply over demand, and withhold demand, in the 
hope of reducing the value of supply, while supply hangs on our 
hand, and becomes depreciated in value, so that, instead of 
gaining, we become considerable losers. 

We have already assumed that the average price realised for 
coke was equal to 6d. per 100 lbs., which is equal to 11«. 2^. 
per ton, and we shall continue to adhere to this value in these 
papers when similar good qualities are required to be valued, 
and shall show how a table may be constructed, making this 
value (the year's average value) a basis for comparing inferior 
qualities of coke, unless an arbitrary comparative value, deter- 
mined by inspection could be equitably substituted. 

To affix an equitable comparative value to various (lualities 
of coke by rule is doubtless difficult. Hitherto it has been 
unusual to estimate comparative values by the weight of water 
one pound of any particular quality of coke would evaporate in 
a vessel open to the atmosphere, but such a method seems to 
me to be as good as any means which could be devised for 
ascertaining this value. 

If the best qualities of coke produced in a gasworks were 
found capable of evaporating say 7 lbs. of water per pound of 
coke, and the worst, which was disposed of for nothing, was 
found capable of evaporating say only 3 lbs. of water per pound 
of coke, then the quality which evaporated 5 lbs. would probably 
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be found to fetch less than the half (or the mean) of the price 
fetched by the quality evaporating 7 lbs., and that yielding 
nothing (although, as has been already instanced, there are cases 
where high qualities of gas are manufjBM^tured from cannels, 
yielding a superior quality of coke for a canneLt where an 
inferior quality of cannel coke fetches a higher price than a 
superior quality of coal coke manufactured in a neighbouring 
town) ; but here we are comparing the values and prices yielded 
by various qualities produced in the wme works, the inferior 
mean quality perhaps arising from the use of inferior coal or 
cannel, yielding, too, a smaU return per ton, and proportionally 
increasing the production of coke, and this in a higher ratio, if 
the illuminating power were purposely maintained at a low 
standard, thus producing the maximum quantity of coke from 
inferior qualities of coal and cannel. 

In that case the price realised would be less than the mean 
between the highest value for bSst qualities, and — the price 
realised for the quality which would evaporate 3 lbs. 

The descending ratios of value would correspond to the 
supplements of the ordinates of some curve such as a Parabola, 
or a Cycloid, divided equally. Thus suppose we select a Para- 
bola, and take the value of ten equidistant ordinates : — 
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Then as the value corresponded to the supplements of these 
ordinates, and their corresponding values would be found 
thus : multiply the weight of the quality to be valued by the 
number corresponding to the evaporative power of the coke it 



Oaa Coals and Cannels. 29 

produces; the difference between this value and the average 
annual value of the average quality of coke produced will 
represent its corresponding value. 

Thus suppose the best quality were worth 6d, per 100 lbs. = 
11«. 2^. per ton, corresponding to a quality evaporating 7 lbs. 
of water per pound of coke, and suppose another quality only 
evaporated 6*4 lbs. of water, what is its corresponding value ? 
suppose the weight produced per ton equals 14*96 lbs., then 
14 '96 lbs. X 6d, = 7$. 6d., or 7*5«., which would represent its 
value if it were best coke, 7*5 X ' 632 the number opposite 54, 
equals 4*7, and 7*5 — 4*7 = 2*8, equal to 2«. 9^. per ton. 
"We have here shown how a table may be constructed and 
applied, when the facts and data from which it should be 
framed are known. The two curves already indicated seem as 
suitable as any to give expression to this fall in value ; percent- 
ages of ash would not of itself be sufficient, as ash may be 
present in coke in similar percentages, but produce dissimilar 
evaporative powers, consequent upon the freedom or difficulty 
with which the oxygen combines with the carbon, which, if the 
material be encased with its ash, combustion must be corre- 
spondingly imperfect. 

The London Coal Exchange reckon 68 strike bushels as equal 
to a ton of coke. 



D. The Weight in Pounds and Strength of the Ammoniacal 
Liquor stated in Terms op Twaddel or in Ounces. 

In both experimental and practical working, the greater part 
of the ammonia, together with a considerable percentage of the 
carbonic acid and sulphuretted hydrogen may be abstracted from 
the gas by passing it through a single continuous horizontal 
pipe. The central core of gas moves fastest; but having 
attained the maximum velocity, falls back upon the sides, so 
that the ammoniacal liquor which floats on the top of the tar 
(in the inlet the tar ought to be separated from the ammonia 
water, leaving the water to pass on to the condenser by means 
of a tar separator dip, similar to an ordinary dip, but made of 
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tear, this would also be in the inverse ratio of 5° to 6°, and if 
evaporation were effected by steam, would include costs of 
boilers and evaporating pans. Then the fuel required would 
also be inversely as 5 is to 6, and the wages would be in the 
same proportion ; — as a matter of fact 6° sold for 12«. in one 
works, while 6° in another, equidistant from the same works, sold 
for 20«. ; but for the 6°, vsaier carriage was resorted to ; in the 
other, removal was effected with barrels. The difference between 
the two modes of carriage would probably equal 2s. per ton, so 
that 6° would probably be worth 14«., where 6° would be worth 
20«. in the particular gasworks referred to; or in the other 
case — ^where 5° was worth 12«. — 6° would be worth 1 Is. \d. The 
approximate money values for the following strengths in the 
case of road carriage, when 5° sold for 14«. would approximately 
be represented by the following prices hereafter referred to as 
Ammonia Water Table A. 

f. d, 8. 

4° Twaddel, 8 oz. 7 per ton or -312 per 100 lbs. 
4j^ „ y „ y o „ '424 „ 

6° „ 10 „ 12 „ -535 

5i° „ 11 „ 14 6 „ -647 

6° ,. 12 „ 17 „ -759 



In the other case where water carriage was used, and where 
6^ Twaddel was worth and sold for 20a., the values would be 
approximately as follows : 

f. 8. 

4° Twaddel, 8 or 8 per ton or -357 per 100 lbs. 
44° „ 9 „ 11 „ -491 

5° „ 10 „ 14 „ -624 

5i° » 11 n 17 „ -756 

6° „ 12 „ 20 „ -892 

And now as to the manner of applying these tables. Suppose 
that in the latter case (B) a coal produced 160 lbs. of liquor 
6i° Twaddel — then the value would be represented by 1*60 
X '756 = l-2«. or Is. IJd. 

It would introduce too nice a distinction in values to introduce 
the cost of eliminating the carbonic acid from the ammonia 
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water, and fixing its combined ammonia — which is set free by 
adding lime. 

We shall now proceed to the consideration of the commercial 
values of the tar a coal or cannel produces. 

E. Tati. 

It is usual for a contractor to sample and analyse the tar 
he proposes to purchase. .The highest offer accepted will 
in the aggregate represent the value of tar produced at that 
particular gasworks. Generally, this tar will be a mixture of 
coal and cannel tars, which separately have different values; 
the anthracine, naphthaline, and creosote, being generally more 
largely produced from the richer qualities of coal tars, while 
the naphthas form a larger proportion of the fractional distilla- 
tion of cannel tars, pitch being a product of both. Perhaps 
the better way is to get the value of tar in a district where 
cannel is most largely used, but this value ought to be ascer- 
tained for the same district (if possible) as that in which a 
market is found for coal tars. Values might more easily be 
assigned from ascertaining the analysis by fractional distillation, 
and treatment of the residue for those products which at the 
time determined its value, comparing this result with the results 
and prices obtained, for a known quality of coal and cannel tar. 

Here too, such items as carriage, costs of fuel, wages, capital 
employed, and depreciation, all tend to affect values ; depreciating 
the inferior, and increasing the saleable value of the superior 
article. 

In the following estimations we Khali assume its value to be 25«. 
per ton for such tar as can bo made from best coal used along with 
20 per cent, of good cannel, equal to 1*116 shillings, or Is. l^d. 
per 100 lbs. For coal tars, 27«. per t-on = l-2«. or Is, 2^. 
per 1 00 lbs. and for cannel tars 22«. 4d, per ton or Is, per 1 00 lbs. 

We have now reached a position from which, by applying the 
preceding rules and formulw in a manner about to be ex- 
emplified, we shall be enabled to affix an equitable value to any 
particular quality of coal or cannel offered for purchase. 
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This method oonsiBts first in selecting a fair quality of coal 
and cannel, each selling, or offered for acceptance at what may 
seem to be a fair price. This price including the cost of delivery. 
The one may be denominated the Standard Coal, the other the 
Standard Cannel, Obtain a fair practical statement of what this 
coal or cannel is capable of producing per ton, as for example : 
A coal which we shall call B. Mine C. C. Co. C — e Burgy, will on 
the average produce 9240 cubic feet of 17'3-candle gas, 1540 lbs. 
of red hot coke, 172 lbs. of tar, and 183 lbs. of ammonia water, 
having a strength equal to 5° Twaddol, and required 90 lbs. of 
lime to purify the gas it produced.* 

The Standard Cannel W. Y. C. I. Co. screened cannel produces 
10,333 cubic feet of 21*3-candle gas, 1350 lbs. of red hot coke, 
(good for a cannel) containing 15 per cent, of ash — it also pro- 
duces 216 lbs. of tar, and 151 lbs. of ammonia water, having a 
strength equal to 5° Twaddel, and required 85 lbs. of lime to 
purify the gas it produced.* 

First ascertain the values of the secondary products in each. 

1st. The coal. ». d, 

15*40 lbs. coke, at 6c2 =7 8^^ 

1-72 „ tar, atl'2« = 1 lOJ 

1-83 „ ammonia water, 5° Twaddel, at -624 = 1 If 

So that the secondary products are worth 10 9^ 



This coal sold for 13«. 9c2. delivered, so that 13«. 9d. minus 

10*. 9J<J. = 2«. ll^d. would represent the value of the gas 

2« 115 
produced (9-24 X 17-3 equals 159-8) and -j^g:^ equals -223 of 

a penny per candle per 1000, which would in this case represent 
the value of the coal candle per 1000. This number, it may be 

* In this case the difference in ooets for purification may he eliminated from 
the calculation of costs, they are so nearly alike. The gas produced from the 
standard coal required 90 lbs. for its purification, while the gas produced from 
the cannel required 85. Had the excess of the one over the other been 
considerable (90 x 7*5 = 6*75 and 85 x 7*5 = 6*375,80 that the difference is 
less than id.), the excess, or the difference in costs, would first require to be 
deducted from that material which costs most to purify, preyious to ascertaining 
the cost price of the gas, or the constant to be used for valuation. 
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ofaaerved, ia nnneoessaTy for computing ralaes, bat is merely 
introducod hero to admit of its being compared with the figures 
Bimilarly obtained for the etandard oannel oandle. . 

And now as to the value of the Beoondaiy products produced 
from this cannel. This ooke would not be worth mors thaa Si. 
per 100 Ibe. when the best ooke sold fbr Bd, 

Cuke. ,. 4. 

13-50 X 3d. =34 

2-16 lUilH- X U. (cannel tar) .. = 2 S 

^ I'Sl lbs. ammonia water. 5= TwftdJol, at ■ 024 = 11 llj 



Pip 31. la^ li ,W • T 
Wwl Ytufcihn b^ OR : 



canOlM per iwu, miu 220 — - ■ 

while it win be remembored that the value of the coal candle, 
was onlyeqnal to -223^ per candle per 1000. Tho cost of a 
oandle per 1000 for the coal or cannel ia thoreforo not a mcisuro 
of its valne in another. From these two etatementa wo find tliat 
10,333 X 21-8 = 220-09 candlM per 1000 cost 17-2^^., and that 
9,240 X 17-3 = 159-85 „ „ 2-]lJ(i. Dcnce, 

if we are to make, say IS^oandle gas from mixturoe of this coal 
or cannel, tho cost por candle per 1000 will lio somewhero inter- 
modiatd between 0-223(1. and 0d37d. 

Tho next thing to bo dctormlnod is the quality of the gas 
which wo propoeo to mannfacturo. In tho prosout instance, I 
shall assnmo it to bo ci^ufll to 18J candles. 

Wo then apply tho formulas previously givon for finding tho 
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proportion of tliis coal and cannel required to enable 18]^-candle 
gas to be manufaotured from the mixture. 

18-5 - 21-3 W' 1-2 of cannel. 
18-5 - 17-3<A 2-8 of coal. 

Tberefore 18^^-candle gas can be manufactured from a mixture 

12 28 

10 S^S ^^^^annel, plus qoTT) of the ooal. 

Then 110-80 + 289-324 : 100 : : 110-880 : 27-7, consequently 

27-7 per cent of this cannel, plus 72-3 per cent, of this coal, will 

make 18j^candle gas, and the make of the mixture per ton will 

equal, 

27-7 per cent, of 10,333 = 2862 

72-3 „ 9,240 = 6680 



9642 cubic feet. 

And now as to the cost. 

9. d, 8, d. 

27-7 per cent. 17 2^ = 57-13 = 4 9 
72-3 „ 2 llJ = 25-84 = 2 If 



82-97 = 6 10| 



We now find the cost of a candle per 1000 for 18j^- candle gas, 

8297 
thus, 18-5 X 9-542 = 171*756 candles, and ^7^.75^ = 0-48cl.,or 

nearly ]^. per candle per 1000 — which is a measure of value for 
gas of this quality (18J candles), or we may find the values of 
three constants which may be so applied as to be used in 
substitution of proportional methods of obtaining comparative 
values ; for instance, in this case these constants will be. 



35-75 



= 3 • 87 * for 1000 cubic feet of 1 7 • 3-candle gas. 



9-240 

!«^= 19-98 „ ., 21-3 .. 

* When tbe price of the standard coal selected is snch that the price 
delivered is eqnal to the sum of the values of the secondary prodnots — tar, 
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and the following example will show how the particulars, prices, 
and constants here given are t6 be applied to the commercial 
vafuation of other qualities of coal and cannels. 

Example I. . 

A Nottingham cannel, producing 7860 cubic feet of 19'1- 
candle gas. This cannel also produced 1325 lbs. of coke, which 
was found to contain 5i per cent, of ash, and was therefore 
worthless, (JcK. or 0*75(1. per 100 lbs. having to be paid to have 
it carted away). The tar weighed 185 lbs., and the ammonia 
water weighed 230 lbs., which we shall assume had a strength 
4° Twaddel. 

First, find how much of this oannel would be required to be 
used along with the standard coal to produce 18J-candle gas. 

18-5- 19-1 w 1-2 
18-5- 17-3^0-6 

12 6 

therefore TtqqR of this cannel, + golo ^^ *^® standard coal, will 

manufacture 18]^candle gas. The numerators, 110-88 : of 
cannel + 47-160 of coal : 100 : : 110*88 : 70-15 per cent, of 
canneL Therefore 70*15 per cent, of this cannel, plus 29*85 
per cent, of the standard coal, will be required to make 18J^- 
candle gafi from the mixture, 

70-15 per cent, of 7860 = 5513 
29*86 „ 9240 = 2758 



So the mixture vriU produce 8271 cubic feet of 



coke, and ammonia water, — then this standard coal conBtant will equal 0*0. 
Or again, should the price delivered be such that the sum of the values of 
the tar, ooke, and ammonia liquor (together with the carbonizing and other 
expenses — should the make of the standard coal exceed that of the standard 
cannel) exceeds that of the cost of the standard coal delivered, then this 
standard coal constant will resolve itself into a minut value (the cost price of 
the gas produced &om it being less tl^n 0), and in estimating for the value of 
the constant representing the intermediate quality of gas to be made from 
the mixture, it will be the eUgebrcUe awn of the two which will in this case be 
used for obtaining this value. The coal constant being used as a negative 
(-) value, which will in that case be substituted for this positive (+) value 
in this and other applications of these formulie. 
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18*5-candle gas. But 9,542 cubic foot of 18*5-canclle gas was 
found to bo worth 82 '974., consequently 8,271 cubic feet 
X the constant 8*69 * (the value in the material of 1000 cubic 
feet of 18'6-candle gas) = 7l"874d. or be. 11 Ji. 

But 2758 cubic feet of the standard coal gas was used to pro- 
duce this 8271 cubic feet of 18*5-candle gas, which, multiplied 
by the constant, 3*87, equals 10-673(1. and 71'874d. minus 
10*673d. = 51*201 or 4«. S^d, will therefore represent the value 
of 5513 cubic feet of 19*l-candle gas produced from this cannel, 
which was found to be equal to 70*15 per cent, of its production, 
72*98d. or 6«. Id, will consequently represent the comparative 

72 * 9Sd 
value of the gas this cannel produced, and noari = 9*384. will 

represent the value of 19*l-candle gas per 1000 in this cannel. 

With these results we may now proceed to sum up the values 

as compared with the value of the standard cannel. 

8. d. 

The gas is worth 6 1 

1*85 lbs. tar at 1«. per 100 lbs 110^ 

Ammonia water 2*30 lbs. 4° T. at -357 = •821«. .. 10 



So that these products are worth 8 9^ 

But the coke had to be carted away, at a cost and loss of 
fci., 0*75d. per 100 lbs. on 13*25 lbs. = 9|d., and the difference 
between carbonizing and other cost for a coal yielding 10,833, 
and one yielding 7860 = Ss, 6d. -^ 6«. 5<f. = 2«. Id. and Ss, d^d, 

* This Sid. per 1000 for 18'5-candle gas must not be confounded with the 
selling or oost price of gas. To this must be added (for a company) such 
charges as wages for carbonizing, charges for wages and material used for 
purifying, a charge to cover leakage, dividend rates, such as 6d., Is., 1«. 6<i, 
28,, 3«., or some other charge which is found sufficient to pay tlie stipulated 
dividend for use of capital employed. This additional charge also includes, 
charges for wear and tear, cost of renewals and depreciation (unless the works 
are continually kept in such condition as to be considered equal to newX and 
it may be added, all other charges which are a legitimate item in cost to 
consumer. In corporations— capital is required to be bought up out of revenue, 
and charges are sometimes made on a gas department which amount to 
indirect taxation, and ought to form no legitimate charge upon gas manu- 
facture — such as gas rentals paying for rates — or, in one case to pay for 
interest, SJd. per 1000, for moneys lent to another department, that department 
haviugcxooodod their borrowing powers, although the gas department had not. 
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mintui 2$. lOjd., that is (2s. Id. + Ojd.) =r bs. 10\d. But this 
Nottingham oannel was selling for 16«. deliyered, when the 
standard cannel was selling for 24«. 6c2., showing a loss from 
its use equal to 10s. 1^. per ton used. 

Example II. 

A coal producing 9440 cubio feet of 15'9-candle gas, 245 lbs. 
of tar, 190 lbs. of ammonia water, having a strength equal to 
5° Twaddel, and also producing 1460 lbs. of coke containing 
5 per cent, of ash. What was its value as compared with that 
of the standard coal ? 

First find the quantities required to manufacture 18j^-oandle 
gas when used al6ng with the standard cannel. 

18-5 - 15-9 ^/ 2-8 
18-5 -21-3 /%2-6 

28 26 

therefore qJTR of coal, plus ..q ooo of cannel will make 18J- 

candlo gas. 

The numerators, 289,324 of coal + 245,440 of cannel : 100 : : 
289,324 : 54-1 per cent, of this coal. Therefore 54*1 per cent, of 
this coal + 45*9 per cent, of this cannel will manufacture 18J- 
candle gas, and 

54-1 per cent, of 9440 = 5107 

45-9 „ 10,333=4742 



So the mixture ynll produce 9849 cubic feet of 
18]^-candle gas, and 9,849 X the constant S'Q7d, for 18J-candle 
gas = 85'19ei. or 7«. IJei. But this mixture contained 4,742 
cubic feet of the standard cannel, worth 19'98(i. per 1000 
cubic feet of 21-3-candle gas, and 4,742 x 19-98 = 94-76ci., 
or 78. lOfci. ; consequently the 5,107 cubic feet would be worth 
94.76 — 85*39 = 9*37 less than nothing ^ a negative value ; but 
this 9 • 37 d, represents only 54 • 1 per cent, of this loss ; on 100 per 
cent, the loss equals 17 * S2d, or Is. 5jd., — the 15 • 3-candle gas per 
1000 equals 2s. 2d. in this case, and would therefore be a negative 
value, consequent upon the large percentage of cannel requisite 
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to maintain the illuminating power, to prevent which lofls in 
such cases illuminating power is not unfrequently aacrificed. 

And now as to the sum of the values of the various products 

of this coal. 

9. d. 

14-60 1bs. of cokeat 6(^ =7 3^ 

2-45lbs. of tarat 1«. 2d = 2 11^ 

1 • 90 lbs. of ammonia water of 6° Twaddol x 

•624« =1 2i 

Difference carbonizing expenses in favour of 

this coal, 9440 - 9240 =02 

11 7i 
Less loss for gas produced 1 ^ 

So that this coal is worth 10 If 

when the standard coal was selling for 13«. 9d., but this coal 
sold for 14«. delivered, showing a loss of 3«. 10^. per ton. 

It will be seen how important it is to have coal correctly tested 
from fair average samples of the material offered^ as thereby 
full advantage may be taken of the low market value of any 
particular quality which promises the most profitable returns. 

Example III. 

The following Eocampte is one of those which led w to make the present 

inquiry, 

A coal produces 7400 cubic feet of ll*9-candle gas, it also 
produces 1650 lbs. of coke containing 12 per cent, of ash. The 
tar it produced weighed 115 lbs., and the ammonia water, whose 
strength we shall estimate at 4j^° Twaddel, equalled 143 lbs. 

Find, as before, the percentages requisite to produce 18]^- 
candle gas along with the standard cannel. 

18-5- 11-9^^ 2-8 
18-6 - 21-3 7%Q'Q 

Therefore in qq q~ of this cannel, plus rfiKR of this coal will 
manufacture 18j^candle gas. 



Oas Coals and Canneh, 41 

Then 488400 of cannel + 289324 of coal : 100 : : 488400 : 
62*97 per cent, of cannel, so that 62*97 per cent, of the standard 
cannel, plus 37*21 per cent, of this coal, will be required to 
manufiusture 18^^-candle gas, and the return per ton will equal 

62*79 per cent, of 10,333 = 6488 
37*21 „ 7,400 = 2753 



This mixture will therefore produce . 9241 cubic feet of 
18J^ndle gas, 9,241 X the constant 8*69 = 80* 3d equal 
6«. 8^. ; but 6,488 cubic feet of this mixture was produced 
from the standard cannel, the constant for this 21*3 cannel 
gas being 19*98d. per 1000, and 19*98d. x 6,488 = 
129*63<2. = 10«. 9fd., from which it appears that this 6,488 cubic 
feet cost more than the whole 9,241 cubic feet was worth. 
129*63-8*03 = 49*33 or 4«. l\d. would therefore show the loss 
which would be sustained by the use of 2,753 cubic feet of this 
ll*9-candle gas; the loss on the production of a ton, 7400 
cubic feet, would therefore be 11«. 6d. 2763 : 7400 : : 49*33 : 
13*26 or 11«. 6(1. 
The secondary products would be worth — 

8. d. 
Coke 1660 lbs., which, on account of the largo 

production and inferior quality, would not be 

worth more than 4^ per 100 lbs., when the best 

produced from coals yielding 9600 cubic feet per 

ton sold for M, per 100 lbs., 16*50x4*6 = 6 2^ 

l*16 1bs. taratl*2d = 1*38« 1 4^ 

1 -43 lbs. a. water of 4^° T. at 49 1«. = 7« 8^ 

So that these secondary products are worth .. .. 8 3J 

The difference between the carbonizing expenses, etc., etc., etc., 
between the standard coal producing 9,240 cubic, and the one 
producing 7400 = as per table, equals, 

», d, 

9«. minus 79. 2(2 1 10 

The loss from gas 11 6 

Together equal to 13 4 
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and 13f. 4<2. — S$. S^, s 5«. Of<2., would show how much this 
00*1 was worth leu iban nothing (a negative value) for gae manu-* 
facturing purposes, when the standard coal could be had fur 
13#. 9d., and the standard cannel for 24s, 6d, delivered ; but this 
coal sold for 14s. delivered, and 14«. + 5s, Ojd. = 19«. 0|<i., would 
therefore represent the loss on each ton used, not far short 
of £3000 on a 3000 ton contract; further comment on this 
** bargain " is superfluous. 

Example IV. 

A sample of a seam composed of a mixture of coal and cannel 
produced 9660 cubic feet of 20*2-candle gas ; it also produced 
1210 lbs. of red-hot coke, which contained 8 per cent, of ash, 
209 lbs. of tar, 240 lbs. of ammonia water, having a strength 
equal to 6^ Twaddel ; what was it worth as compared with the 
standard cannel producing 10,333 cubic feet of 21*3-candle 

gas? 

First find the percentage of it required to be used along with 

the standard coal to produce 18]^-candle gas. 



18-5 - 20-2 
18-6 - 17-3 



1- 



therefore -^ of this coal and cannel mixture + — L- of the 

standard coal would together make ISj^-candle gas, and 11088 
of cannel + 16422 of coal : 100 : 11088 : 40-3 per cent, of the 
coal and cannel mixture. Therefore 40- 3 per cent, of this coal 
and cannel mixture + 69'7 per cent, of the standard coal will 
produce 18i-candle gas. 

40-3 per cent, of 9660 = 3892-9 
59.7 „ 9240 = 6516-2 

So this mixture will produce 9409-0 cubic feet of 

18-candle gas. 9,406 X constant 8-69 = 81 -76(1.= 6«. ll}d.; 
but 69*7 P^r cent, of the production of a ton of the 
standard coal, producing 9240 cubic feet, equal to 5,516 
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cubio feety were used in the mixture, and 5,516 x constant 
3-87 = 21-34 = li. 9id; 81-76 - 21-34 = 60-42 or 5«. OJ^., 
will therefore represent the value of the 40 - 3 per oent. of the 
gas produced from the coal and cannel mixture, or the 3892 
cubio feet : the 9660 cubic feet would therefore be worth, 

3892 : 9660 : : 60-42(1. : 149-1 or 12«. 5d. 

$, d. 
The gas produced was therefore worth 12 5 

Difference between 9660 and 9240 cubic feet for 
carbonizing, and other expenses in favour of this 
coal =03 

1-50 lbs. tar at 1-116 = 1-674 =18 

190 lbs. ammonia water of b° Twaddol at - 6244^. = 

ll-85d 11} 

12* 10 lbs. coke at, say 5d. when the best sold at 6d, 
for the year'a e^YQT&ge 5 OJ 

So that this mixture would be worth ..20 4^ 

when the standard coaj sold for 13«. 9(2., and the standard cannel 
for 245. 6d, delivered. 

Example V. 

The late Mr. Evans gives a testing of a particular Scotch 
cannel producing 13,500 cubio feet of 27*1 candle gas (this 
would of course be tested with a " bat's- wing "), and will there- 
fore probably be less than its equational iUumtnating power value, 
or its value in a mixture of coal gas to produce, say 17-candle 
gas, suppose we call it 23 - 6-candle gas ; it is also stated to pro- 
duce 1129 lbs. of coke containing 18 per cent, of ash. The 
weights of tar and ammonia water are not stated, wo shall there- 
fore assume them to bo of similar weight to those assigned to 
the standard cannel. 

18-5 - 28-6 ^1-2 
18-5 - 17-3 /\ 10-1 

Therefore , .- , ,^^ of this cannel -f --— of this standard coal 
lo,o0u 9240 

will together produce 18i-candlo gas. The numerators 110880 
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of cannel + 1363500 of coal : 100 : 110880 : 7-5. Therefore 
7 * 5 per cent, of this cannel + 92 * 5 per cent, of the standard coal 
will together produce 18j-candle gas. 

7-5 per cent, of 13,500 = 1012-5 
92-5 „ „ 9,240 = 8547 

So the mixture will produce 9559*5 cubic feet of 
I8i-candle gas, 9559 x constant 8*69 = 83-06d. = 6«. lid. ; 
the 8,547 cubic feet produced from the coal would be worth 
8,547 X constant 3*87 = 33'07d. = 2«. 9d., and 83*06 - 33*07 
= 50*0d., or 4«. 2d., will therefore represent the value of 
the 7*5 per cent., or the 1012 cubic feet of the gas produced from 
this cannel ; for 13,500 cubic feet, the value would therefore be 
7*5 : 100 : : 50d. : 66^-66, or 55«. 6^, 

£ $, d. 

So that the gas produced was worth 2 15 6^ 

Tar as per standard cannel 1 lOf 

Ammonia water as per do 1 If 

Tabular difference for carbonizing, &c., between 

cannel producing 13,500 and 10,333 = Oa. 5d. 

- 4s. lid, =016 

Coke 11*29 lbs. worth, say 2^^. per 100 lbs. when 

the best coke averaged 6(2. 2 2^ 

So that this cannel would be worth 3 2 3^ 

(Laboratory test) less 20 per cent 12 3^ 

£2 10 

when the standard cannel was selling at 24s, 6<2., and the 
standard coal for 13s. dd. 

Example VL 

A coal and cannel mixture produces 9720 cubic feet of 17*4- 
candle gas — 1140 lbs. of coke containing 12 per cent, of ash ^ 
150 lbs. of tar ~ 190 lbs. of ammonia water having a strength 
equal to 5° Twaddel. 

18*5 - 17*4 %f 2-8 



18*5 - 21-3 



Am 
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28 11 

Therefore — -—r of this coal and cannel mixture, plus =77-0^^ ^^ *^® 

standard cannel, will produce 18^^-candle gas — the numerators 
289-324 of this coal and cannel mixture + 106*920 of cannel 
: 100 : 289*324 : 73 per cent, therefore 73 per cent, of this coal 
and cannel mixture — plus 27 per cent, of the standard cannel 
will make 18j^-candle gas. 

73 per cent, of 9,720 = 7095 
27 „ „ 10,333 =; 2790 

So the mixture will produce 9885 cubic feet of 
18J-candle gas, 9,559 x constant 8*69 = 85*9<i. or 7«. 2d,; but 
2,790 cubic feet were produced from the standard cannel, 
which, multiplied by its constant 19*98 = 55*74 = 4«. 7|iJ. 
85*9 — 55*74 = 30*16 will therefore represent the value of 73 
per cent., or 7095 cubic feet of this coal and cannel mixture ; so 
that the 9720 cubic feet this material produced per ton would 

be worth ,^ = 4VSld, or 3«. 5hd, 
73 ^ 

8. d. 

The gas this mixture produced was worth .. 3 5i^ 
Difference, carbonizing, <fec., expenses, between 

coal yielding 9240 and 9720 = 5 

150 lbs. tar at 1*116= 1*674 18 

190 lbs. ammonia water of 5J° Twaddelat *756 

= 1*436 1 5J 

Coke 11*40 lbs. at, say, 4J<i 4 3^ 

So this coal was worth 11 3 



Yet this coal sold for 16«. 6d. delivered, when the standard 
coal sold for 1 3^. 9d. delivered, all showing that the standard 
coal was exceptionally cheap. 

In some districts of Lancashire, companies possess exceptional 
advantage of obtaining the hurgy, or the small coal separated or 
screened from the round coal, which if used direct from the mine, is 
found to produce good results, and at a low cost, all the secondary 
products being also very valuable ; this is more particularly the 
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case with the Black mine ooals found near Aahton and Oldham, 
the use of this material has doubtless given rise to the four 
hour work practised in that district ; the coal being fine, it is 
necessary to charge in thinner layers, and if the charging is 
effected regularly, there can be no doubt of the benefits arising 
out of the practice, as both quality and quantity axe thereby 
increased. 

I shall now conclude this first series of examples by estimating 
the comparative value of an Australian shale producing 16,500 
cubic feet of 47-candle gas. The equational iUuminaiing power 
would doubtless exceed this value, but we shall adhere to this 
statement. I cannot state its production of oil, but shall 
substitute the quantity produced from Ghatterly shale {English) 
equal to 25*28 gallons, or say 160 lbs. of oil. Coke valueless. 

I may here exemplify how logarithms may be applied 
instead of the system hitherto adopted. 

In one case where 100 is used for percentage calculations 2 
will be the characteristic, and seven noughts the mantissa. I 
shall compare both methods as I proceed. 

First, then, find the fractional proportions of shale and 
standard coal required to make 18^^-candle gas. 

18-5- 17-3 v-^28-6 
18-5- 47-0 •^ 1-2 

28*5 1*2 

Therefore -^r^r^ of the standard coal + ^. ^,^ of the shale 
9240 16*500 

will make 18j^-candle gas. Find the numerators by the 

ordinary arithmetical method. 

^^'^ . 4. -JlI?- = 470*25 of coal, plus 11*0880 of shale, or by 
9240^16*500 ^ 'J 

logarithms. 

Log. 28*5 = 1*4548449 
16*500 = 1*2174839 



» 



9» 



470*25 =2*6723288 



So that 470*25 equals the coal numerator. The shale 
numerator will be found thus : 
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Log. 1-2 :^ 0-0791812 
9-240 = 0-9656720 



„ 11-088= 1-0448532 

Therefore 11-078 = the numerator for the shale, and 470*25 
+ 11-088 : 100 : : 470-25 : 97-6, or by logarithms— 

Log. 470-25 = 2-6723288 
Log. 100-00 = 2-0000000 

4-6723288 
470-25 
11-088 



Log. 481-338 = 2-6824429 

97 - 698 = 1 • 9898859 

Therefore 97-698 per cent, of the 17-3-candle gas produced 
from a ton of the standard coal producing 9,240 cubic feet, 
together with 2-322 per cent, of this Australian shale producing 
16,500 cubic feet of 47-candle gas, will together make 18J- 
candle gas, and the mixture will produce 9,410 cubic feet per 
ton of the mixture. 

97 • 698 per cent, of 9,240 = 9027 • 3 
2-322 „ 16,500= 383-13 



9410-43 
which may also be computed by logarithms thus : 

Log. 97-698 = 1 • 9898859 
Log. 9240 = 3-9656720 



or again. 



Log. 902-730 = 5-9555579 

Log. 2-322 = 0-3658622 
Log. 16-500 = 4-2174839 

liOg. 383-39 =4-5836461 
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So that by logarithms, the return per ton of the mixture will 

equal 

9027-3 
383-39 



9410 * 69 cubio feet, which, multiplied 
by the constant 6*69 for 18j^-candle gas, will equal 81*77d., or 
6s. llfd., but 9027 feet in this mixture *were produced from the 
coal which, multiplied by the standard ooal constant 3'87d. = 
34-9d, or 2«. lid.; 81-77 - 34*9 =46-87<«. will therefore re- 
present the value of 383,39 cubic feet of this shale gas ; 16,500 
cubic feet would therefore be worth 2171(i., 

or £8 Oil per ton. 

DiflTerence, carbonizing, <fec., between 

16,500and 10,333 = 6-5(2. - 4«. ..= 21 

Shale oil, as per estimate, 160 lbs. at la, = 17 



So that this shale would be worth i&8 4 7 less the 
cost of removing its ash, or say £8 4«. The laboratory 
results exceed the hesi practical ones by 20 per cent., £8 4^. 
less 20 per cent, or £1 15«., leaving £6 9«. to represent its 
comparative value when the standard coal sold for 13«. 9d., and 
the standard cannd for 24^. 6(2. 

With such a shale as this, and a quality of coal like the Nevs 
Zealand Westport coal co.'s, obtained from a seam 53 feet 3 in. 
thick, 2,000 feet above the sea, and perhaps superior in quality 
to any found in England, the Australasian gas compimies ought 
now to be in a position to make a first-class quality of gas 
economically. 

And now I shall conclude this series of valuations after this 
system by giving a few more examples. 

The prices for the standard coal and cannel, a different coal 
from the last, being taken at their selling price delivered, after 
coal and cannel had fallen to something like their normal 
values. 

The analysis of the standard cannel selected for the following 
estimates, as well as for the preceding ones, I need not repeat. 

The coal we shall this time select for the standard of com- 
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parison is one producing 10,060 cubic feet of 17'3-candle gas, 
1500 lbs. of coke, 170 lbs. of tar, and 180 lbs. of ammonia water, 
having a strength equal to 6° Twaddel, and requiring 80 lbs. of 
lime to purify the gas it produced. 

In this case the standard cannel was selling for 25«. delivered, 
when the coal selected for a standard sold at 14«. 6d. delivered, 
on the works. 

First, in each case, find the value of the secondary products. 
CanneL 

8, d, 

1350 lbs. coke, at 4i(i. per 100 lbs 5 Of 

216 lbs. tar, at 1« 2 2 

150 Ibe. ammonia water, at •535«. (5° T.) .. .. 9^ 

So these products are worth 8 OJ 

Difference in carbonizing, &c., costs for cannel pro- 
ducing 10,333 and coal producing 10,060 .. .. *0 2i 

Therefore the 10,333 cubic feet of 21-3-candle 

gas cost 25«. minus 7 10 

or 17«. 2d. or 206d. ~^ = 19-09ei. per 1000, for this 21-3- 

candle gas (which is the constant) to l)e used for estimating 

values of percentages of standard cannel. 

And now as to the coal. 

8. d. 
1500 lbs. coke, at 6<i 7 6 

170 lbs. tar, at 1«. 2<i 2 

180 lbs. ammonia water, 6° Twaddel, at 759 . . . . 1 4 

Secondary products coal worth 10 10 

14' 6d — 10«. lOd. = 3«. Sd. or 44d, wliich represents cost price 

44 
of gas in the coal - = 4-374d per 1000, which is the 

constant to be used for valuing tlie quantities of gas for standard 
coal. 

♦ This 2\ is here dedticted. It was paid to the colliery proprietor in 
conBideration of the superior froductiveiiess of tlie qnnntity of gas produced, 
and not for the gas illuminatiug power. 

E 
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And now in this case suppose we purpose to manufacture 
19-candle gas; find the percentages of this coal and cannel 
requisite to manufacture that quality of gas. 

19 - 17-3 w^ 2-3 
19 - 21-3 ^1-7 

* 

2*3 17 

Therefore ^^t-^tttx- of coal gas + _-__—_ of this cannel gas 
10,060 ^ 10,333 ^ 

will make 19-candle gas. 

23 X 10,333 = 237659 will equal the numerator for the coal, 
and 17 x 10,060 = 171020, the numerator for the canneL 

And now as to percentages. 

237659 of coal + 171020 of cannel, or 408679 of both : 237659 
of coal : 100: 58*15 per cent, of coal; 100 - 58-15 = 41-85 will 
therefore equal the percentage of cannel required. The make 
per ton of the mixture will equal 

68-15 X 10,060 = 5849-89 
41-85 X 10,333 = 4324-46 



Therefore the mixture will make 10,174-35 cubic feet of 19- 
candle gas. 

5-849 coal X coal constant 4-374 = 25-583<i.and4*324 X 19:09 
= 82 -545(1. together= 108 -128(1., which is the value of the 

10,174 cubic feet of 19-candle gasI?ill??=10-62(J., which re- 

° 10174 

presents the cost price in the two materials of 1000 cubic feet 
of 19-candle gas. We have now three constants from which we 
can proceed to ascertain the values of other coals and cannels. 
These constants are — 

4-374(2. per 1000 for 17-3-candle gas. 
10-62(1. „ 19-0 

19-09(2. „ 21-3 



Example VIL 

A coal, a mixture of coal and cannel produces 9720 cubic 
feel of 17-4-candle gas, 1350 lbs. coke, containing 12 per cent. 
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of ash, 216 Ibe. tar, and 150 lbs. ammonia water, haying a 
strength equal to 5° Twaddel. 

First find the percentages required to be used along with the 
standard oannel to prodnce 19-candle gas. 

19- 17-4 W 2-3 
19 - 21-3 <f^\ 1-6 

23 16 

Therefore -— - of this coal + f/xooo ^^ *^^^ standard oannel 

* 2^ 1 fi 

will together make 19-candle gas, — - + the numera- 

tors of these fractions will equal 237659 for the coal, and 

158520 for the cannel 

396179 : 100 : 237659 : 69-9 • 
per cent, of coal — so that 40 •! will oqual the percentages of 
cannel required. 

59-9 per cent, of 9720 = 5822-28 
40-1 „^ 10-333 = 4143-53 

So that the mixture will make 9965 * cubic feet. 

9,965 X 10-62 = 105-80rf. or 8«. 9|d., but 4- 143 cubic feet of 
standard cannel gas were used in the mixture, 4*143 x 19*09d. 
= 79d.y or 6«. 9(1., so that this 5*822 cubic feet of coal gas is 

worth 105-8 - 79 = 26-8df. ^l^^j^^ll^ = 44*7df. = 3«. 8|d, 

which represents the value of the gas produced from this 

coal. 

8. d. 

The gas is worth 3 8f 

13-50 lbs. coke, at 4d. = bid 4 6 

216lbs. tar, at 1*2 2 2 

150 lbs. ammonia water 5° Twaddel, at 53bd. .. ^i 

11 2i 
Difference carbonizing, &c., expenses .... 2;^ 

So that this coal is worth , 11 

when the standard coal (a Wigan), sells for 14«. Od. But this 

K 2 
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coal sold for 16«. Gd.» showing it was ovor-priced by 58, 6d. per 
ton, as comparod with tho Wigan coal. 

We may now proceed to find the comparative value of a coal 
yielding 9240 cubic feet of 17-3-candle gas, 1550 lbs. of coke, 
176 lbs. of tar, and 183 lbs. of ammonia water having a strength 
equal to 5J° Twaddel. 

First, find the percentages required, and^the make per ton 
when used along with the standard cannel. 

19 - 17-3 ^ 2-3 
19- 21-3^ 1-7 

23 17 

of coal H — X— A«« of cannel will make 19-candle ffas. 

9240 10-333 ^ 

237659 = numerator for coal, and 
157080 = „ cannel 

394739 : 100 : : 237659 : 60*2 per cent, of coal, 
which leaves a balance of 39 * 8 por cent, for standard cannel. 

9240 X 60-2 = 5562-4 
10-333 X 39-8 = 4112-5 

The mixture will produce .. 9675 
and 9-675 X 10-62 = 102-748^. = Ss 6jd. 

But 4-112 X 19-09 = 78-49(1, — and the differences equals 

2425d. '-2-^4^-:^' = i0-27d. or 3-. ^d. 
5-562 

8, d. 

The gas is worth 3 4^ 

1550 lbs. coke, at 6d 7 9 

176lbs. tar, at 1-2 2 1 

183 lbs. ammonia water 6° Twaddel at • 759 .. 14 

So these products are worth 14 6 

Tabular difference between carbonizing ex- 
penses, 10-060 and 9240 = 72d. - 68d. .. 6 

So this cojil is worth 14 

delivered, when the stanilard coal was selling for I4s. 6d., and 
the standard cannel at 2^)8. dilivered, it sold for 13«. 6d, There 
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was therefore an advantage of 6(1. per ton at that time in its 
favour. 

Boghead produces 13,887 oubio feet of 44'16-candle gas, 
the coke iis worthless, it contains 71*5 per cent, of ash, tar not 
stated, we shall assume it to produce 160 lbs. 

First, find the proportions required to make 19-candle gas 
with the standard coal. 

19- - 17-3 y^ 25-16 
44-16- 19 ^\ 1-70 

80 that ^^ ^^^ of coal + ^ o ^an of cannel will make 19-candle 
10-060 13*887 

gas. (This is probably a laboratory test, as was the Australian 
shale.) These high-class cannels should of course be worked 
with the soundest clay, or iron retorts, at a high heat, with four- 
hour charges, but these laboratory tests are quite unsuited for 
staking the commercial success of gas undertakings upon re- 
sults thus obtained; we merely give these values, having no 
practical ones to substitute for them to illustrate the subject 
under discussion. 

Log. 25*16 = 1*8830969 
Log. 13*887 =4*1426084 

Log. 3*35510 5*5257053 

Log. 1*70 =0*2304489 
Log. 10*060 = 4*00259768 



Log. 1-7102 = 4 • 23304651 

335510 
17102 



352612 : 100 : : 835510 : a; 

Log. 100 = 2*0000000 
Log. 335510 = 5-5257053 

Log. 2612 = 7*5257053 
T^g. 353620 = 5-5472946 



Log. 95-151 = 1-9784107 
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win sake ISHaijdDfr 



$5- 151 per ocmL of 10090 ^ »72 
4-W9 « 13-»7=: 6T 



The BixtnewiUpiodBoe 10-245 c«1m feet of 
IS^-eendle gMw 

10-245 X ooosL 10-62 = 108-9% cr dt. 0]^ biit 9572 x 
emit. 4-374 = 41 



&>tlife673>rewonh66-94dL,«iid ^^'^' !L^'^ = 1381-3d, 

OtfO 



\ 



or £5 10b. 3dL per ton, m Taloe wluch doubden oonld not be 
mbstncted in pncdoe, and ^riiicii dftOWB the ebsmdity of 
iH*^^g s oompeimtiTe Tsfaie to leborvtey loCt vnkes reduced by 
70 per oent^ end elao the nfirfitj for carefoUy ^flBytng the 

conetent Talne. 

£ «. d. 

Gee 5 10 3 

Tar, Bay 2 

Carbonizing, dcc^ diflerenoe between 13,887 and 

10,333 2 6 

5 14 9 
Leee 9d. for remoTing ask 9 

go thia cannel would be worth £5 14 O 

if, in practioe, it coali be depended upon to mannfactore the 
qnality and quantity stated. £5 14c^ lees 20 per cent, for 
laboratory testing, = £4 lU. 3J. ])er ton. 

A certain Wigan cannel, reported by Mr. Paterson of Warring- 
ton, to produce 11,580 cubic feet of 22-73-candle gas, 1400 lbs. 
of coke, containing 7 * 32 jtev cent, of ash, tar not given, we shall 
therefore estimate its value as similar to that of the standard 
canneL What is its value as compared with the standard cannel? 

19 -17-3 x/ 3-73 
22-73- 19 /\l-7 

3*73 1*7 

Therefore ^q.qqq of the standard coal, + JfrggQ of this Wigan 

eannel, wiU make 19-candle gas. 
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Log, 3-73 =0-5717088 
Log. 11-580 = 4-0637086 



Log. 43193 =4-6354174 

Log. 1-7 =0-2304489 
Log. 10-060 = 4-00259798 

Log. 1-7110 = 4-23304688 
and 43193 of coal + 17110 of cannel : 100 : : 43193 : x 

Log. 43193 = 4-6354174 
Log. 100 = 2 • 0000000 . 





6-6354174 
43193 
17110 


Log. 


60303 = 4-7803389 


Log. 


71-627 = 1-8550785 

100 
71-627 



28-373 

therefore 71-627 per cent, of the standard coal, plug 28-373 per 
cent, of this cannel, will together make 19-candle gas. 

71-627 per cent, of 10-060 = 7205-7 
28-373 „ 11-580 = 3285-6 



So the mixture will produce 10*491 cubic feet. 

Log. 10-060 = 4-00259798 
Log. 71-625= 1-8550785 

Log. 720570 = 5-85767648 

Log. 11-580 = 4-0637086 
Log. 28-373= 1-4529053 

Log. 328560 = 5 '5166139 

and 10-491 X constant 10-624. = lU-id. 
7-205 X „ 4-374.= 31-5. 



Therefore the 3285 feet of cannel gas are worth SO'Od. 
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y:5|_x8o ^ 232^^ ^^ ; ; "^ 

Carbonizing, etc., expenses, difference between 

11,580 and 10,333 8 

Tar, 2-16 lbs., at 1» 2 2 

Coke, 1400 lbs., at 4(i 4 8 

So this cannel would be worth 1 11 

when the standard cannel sold for 25». delivered. 

Mr. Longworth, formerly of Dukinfield, states that cannel 
nuts produce 9875 cubic feet of 18'25-candle gas, and 1500 lbs. 
of coke per ton. These nuts are produced from a good cannel 
producing between 10,000 and 11,000 of 22-candle gas. The fall 
in illuminating power is due to there being only between 50 and 
60 per cent, of cannel in them, the rest being a coal (not a gas 
coal), and clay, the large weight of coke is not in their favour as 
a cannel. 

We shall now compare this cannel ^dth the standard cannel 
to make 19-candle gas. 

19 - 18-25 ^2-30 
21-3 -19^0-75 

'*• 9875 ^^*® "^ ^0.^33 of cannel will make 19-candle gas. 

Log. 230 =2-3617278 
Log. 10333 =4-01422643 

Log. 23766000 7 - 37595423 

Log. 75 =1-8750613 
Log. 9875 = 3-9945371 

Log. 914020 =5-8695984 
23766000 

24680020 : 100 : : 23766000 : x 

Log. 23766000 = 7-37595423 
Log. 100 = 2-00000000 

9 • 37595423 
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Log. 24680020 = 7 • 3923452 

Log. 96-296 = 1-98360903 and 
100 

96-296 per cent. 9875 = 9509 • 2 

3-704 „ 10-333= 382-73 

So the mixture will produce 9891 - 93 

Log. 9875 = 3-9945371 
Log. 96-296 =1-98360903 

Log. 9509,20 = 5-97814613 

Log. 10-333 = 4-01422643 
Log. 3-704 = 0-5686710 

Log. 382,73 = 4-58289743 

9892 cubic feet X constant 10-62 = 105e?., but 382-73 cubic 
feet, coBting 19-09(1. were used in the mixture which x by each 
other = 7 -304. 

105 
minus 7*3 

97 • 7 will therefore represent the value of the 9509 - 2 
cubic feet used in the mixture. 

9875 X97-7 ,.. . . '' '. 

9509-2 =^Q1'^- ^^ 8 H 

1500 lbs. of coke, at 3(i 3 9 

Tar, say 10 

Ammonia water, say 9J 

14 
Less for carbonizing differences 4 

So that these nuts are worth 13 8 

when the standard cannel sold for 25«. per ton delivered, but 
these nuts were sold at considerably more, 8ho^ving a loss from 
their use. 

The absurdity of mixing laboratory and practical tests of coal 
or cannel for purposes of comparative commercial valuation, with- 
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out due qualification, will be apparent, otherwise incorreol. 
money values will be assigned. 

Of exceptionally flattering reports, ill-bome out in practioey 
or even with testing, farther comment is unnecessary. 

Trusting this, my last contribution on this subject may bo 
found an advance on what I have formerly written respecting 
this matter, and that it will be found easier and simpler of 
application than that which has preceded it, I shall pass on to 
the consideration of a question closely allied to the one discussed : 
**The cost of adding a candle to the illuminating power of 
gas." At the end, a graphic method of delineating makes and 
illuminating power is added for those who may care to enter 
into a geometrical investigation of this subject, and from the 
preceding valuation of gas in coals and cannels, I have, in the 
last papers, deduced a much simpler method of valuation, which 
I commend to those who desire simplicity in method, which is, 
in this case, also compatible with accuracy of results. 



k 



Gas Coeds and Oannds. 59 



A Method whereby the Cost op Adding a Candle to the 
Illuminating Power of Gas may be ascertained. 

First select the material (coal and cannel) from which it is 
purposed the gas should be made, which should be that from 
which the gas can be manufactured most economically, and 
state the least price for these materials delivered^ for both 
coal and cannel, as also the production in cubic feet per ton of 
each, and the illuminating power which each will separately 
produce. 

Then the price paid in each case, being the sum of all the pro- 
ducts which each will separately produce, minus the impurities, 
plus in the case of the one which yields the larger return per 
ton of the difference in carbonizing, wages, and other items 
previously specified ; this being the case it is quite unnecessary 
to enter into a further analysis of their separate products, the 
price in each case being a fair charge for their sum ; we have 
therefore in the first instance only three items to consider — illu-' 
minating power, volume produced per ton, and the price 
of each delivered, from which the percentages required to 
manufacture the two qualities differing by one candle, are to be 
manufactured. 

In the following case I shall select the same cannel I have 
formerly used as a standard of comparison ; it produced 10,333 
cubio feet, and at a certain date at a particular gasworks was 
delivered at 24«. 6(2. per ton. 

The coal (o Burgy^ which in Lancashire means the get after 
the round coal has been screened out of it), produced 9810 cubio 
feet of 15*l-candle gas, and cost 10«. 6d, delivered. {Burgy is 
usually carbonized with four-hour work, as thereby the gas is 
better driven off with high heats, and the " tail end " of the 
charge (carbonic oxide) does not do so much injury to the gas 
as would be the case with «fx-hour work.) 
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Next asoertain the percentages required, say in this case, to 
mannfactore 17- and 18-candle gas. 

First, 17-candle gas. 

17 - 151 V^4-3 
21-3 - 170^ 1-9 

43 19 

Therefore ksttr of this coal -|- tkoqT of this cannel will make 

17-candle gas. 

I shall here also use logarithms, as being simpler and not 
80 liable to prove inaccurate. 

Log. 43 = 1-6334685 

Log. 10-333 = 4-01422643 

Log. 444330 = 6 - 64769493 

Log. 19 = 1-2787536 

Log. 9810 = 3-9916690 

Log. 186390 = 6-2704226 

444330 + 186390 = 630720 

630720 : 100 : : 444330 : a; or 70-447 

Log. 444330 = 6-64769493 
Log. 100 = 2-00000000 

Log. 70-447 = 1-84786133 
100 



29 - 653 



80 that 70-447 per cent, of this coal, plus 29-553 per cent, of 
this cannel, will make 17-candle gas. 
The makes for the mixture will be found as follows : 

70-447percent. of 9810 = 6910-9 
29-553 „ 10-333 = 3053-7 



9964-0 cubic feet. 
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By logarithm B. 

Log. 70-447 = 1-84786133 
Log. 9810 = 3-9916690 

Log. 691090 = 5-83953033 

Log. 29-553 = 1-4706016 
Log. 10-333 = 4-01422643 

Log. 305370 = 5 - 48^82803 

The price of the coal equals 10«. Gd, = 126d,, and the 
cannel 248. 6d = 294(1. 

70-447 per cent, of 126d. = 88-767(i. 

Log. 70-447 = 1-84786133 
Log. 126 = 2-1003905 

Log. 88-767(f. = 3-94825183 

Log. 29-553 = 1-4706018 
Log. 294 = 2-4683473 

Log. 86-886 = 3-9389491 

So that tliis mixture will coBt 

SS'767d. for coal, 
and 86 - 886d. for cannel, 



or 175 -653d. for the 9964 cubic feet of 17-candle gas ; 

175-653(1. 
and — ^Q ' = 17-627(2. per 1000 at the station metre which 

is the value sought for 1 7-candle gas. 

Log. 175-653 = 2-2446482 
Log. 9,964 -6 = - 9984599 

Log. 17-627 = 1-2461883 

And now we shall proceed to find the value for 18-oandle 

gas. 

18 - 15-1 w 3-3 
21-3 - 18 ^ 2-9 
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33 29 

Thereforo ggj^ of thifl coal + ^^.q^o o? *^ cannel will 

make 18-candle gas. 

Log. 33 = 1-6185139 
Log. 10-333 = 4-01422643 

Log. 429280 = 5 • 63274033 

Log. 29 = 1-4623980 
Log. 9810 = 3-9916690 

Log. 284490 = 5-4540670 

429280 + 284490 = 713770 
713770 : 100 : : 429280 : x 

Log. 429280 = 5-63274033 
Log. 100 = 2-00000000 

7-63274033 
Log. 713770 = 5-8535583 



Log. 56-129 = 1-74918203 
100 



43-8S71 



So that in this case 56-129 per cent of this coal, and 43*8871 
per cent, of this cannel will be required to make 18-candle gas, 
and the makes will equal 10-040 cubic feet per ton. 

For 56 12 j^r cent, of coal x 9810 = 5506 cubic feet. 
43-88 „ cannel X 10-333 = 4534 



Together 10-040 

Log. 56 • 12 = 1 • 7491S203 
Log. 9810 = 3-9916690 

Log. 550620 = 5 -740^5103 

Log. 43-88 = 1 • 6422666 
Log. 10-333 = 4-01422643 

Log. 453410 = 5-65649203 
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56 • 12 per cent of 126(1. = 70 • 12d. 
43-88 „ 294d. = 129-01(f. 



So the 10-040 cubic feet coBt 199 -73^1 

199-73 

..^ ^.^ = 19-893, which is the cost in (he cod and cannel for 18- 

10-040 ' 

candle gas made from this mixture; 19*892(2. the cost of 18- 
candle gas— 17*627, the cost for 17-candle gas equals 2-364(2., 
which is the difference in the price between 17- and 18-candle gas 
for material aUme ; but in the case of the 18-candle mixture, the 
make exceeds that for 17-candle gas, but they are so nearly 
alike that no estimate for difference in wear and tear, etc., except 
for carbonizing wages, can be allowed. This cost per ton for 
Lancashire equals bs, for 2 ton 2 cwt., equal 28 * 57(2. per ton. 

The difference per 1000 at the station meter on these two 
productions equals 2-8672 - 2,8456(2., a difference of -0226(2., 
which reduces the cost of the difference between 17- and 18- 
candle gas produced from these materials to 2 * 364(2. — - 0226, or 
2*341(2.; but unless the price wore reduced proportionally with 
the rise in quality, the public would use less of 18-candle gas 
than of 17, and if there was no increase of consumption (annual) 
such as would make up for this loss, dividend would suffer 
unless this loss were also added to cost; if the dividend rate 
amotinted to say 1«. at the station meter (it would of course be 
more at the <x>nsumer'8 meter to allow for condensation and 
leakage), and if the consumption were decreased in the inverse 

12(2 X 18 
ratio of 17 to 18, then '-^ = 12-706, a difference of 

0-706(2. in dividend rate, so that 2-341 + 0-706 = 3-047,— so 
that 3(2. would in this case show a near approximate to the 
cost of adding one candle to the illuminating power of the gas. 

Mr. George Livesey, of the South Metropolitan, gives the 
value as 2]^. in his case, which is a near approximate to this 
independent calculation, which in this estimate amounts to 
£12 10«. per million at the station meter. 

On the other hand, if there was an increase in consumption, 
without having to incur the expenditure of additional capital, 
2^. would represent the approximate cost of adding one candle 
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to the illuminating power of 17-candle gas at the station 
meter. Again, if the price of adding a candle to the illuminat- 
ing power of the gas was found to equal 3d,j and the leakage 
and condensation amounted to say ten per cent., the cost of the 

3d, X 10 
candle at the consumer's meter would equal — '-^ = 3*33<J. 

If a decrease in consumption accompanied the increase in 
illuminating power, which it is probable would be the case, 
unless the selling price of the gas were correspondingly lowered, 
there are sundry charges which would tend still further to 
increase cost to consumer, or loss to the gas company, such as 
the charges for watering and recording the statement of meters, 
and the cost of maintaining a staff of officers, presumably 
receiving no less remuneration. (Temporary increases of 
illuminating power above normal or statutory requirements also 
tend to produce a like result.) These changes not differing 
materially from those incurred from using the lesser illuminating 
power. 

On the other hand, no greater mistake can be made than to 
attempt to increase profits at the expense of the illuminating 
power of the gas, thus driving the consumer to the use of other 
means of illumination — ^to the loss of the revenue of a gas company 
— with inferior qualities of coal and cannel, generally much over- 
priced ; it is difficult for a manager to keep down expenses if the 
gas be maintained at its full illuminating power, and he be 
thereby compelled to use large percentages of such cannel to 
keep it up to the standard ; as good a remedy as any is a 
weekly, fortnightly, or monthly statement, not merely of 
makes, etc., but of coats, of material reduced to the basis of 1000 
cubic feet at the station meter, and including all costs for 
carbonizing, purifying, and all other expenses which can be 
averaged from the preceding year's accounts, such as salaries, 
interest, depreciation, repairs and renewals, which, made out 
according to regular form, would soon show how considerable 
sums might be frittered away on dear and unsuitable materiaL 
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Oraphic Methods of Representiho the Illuminating Power, 
AND the Production per Ton op Different Mixtures of 
Coal and Cannel, also a Graphic Mode of Obtaining the 
Percentages op Coal and Cannel Requisite to Produce 
ANY Quality of Gas intermediate to the Qualities tila.t 
Coal or Cannel will Separately Produce. 

A line may be made of such a length as shall express the 
quantity of gas made from any particular coal or cannel, and 
another line may be made to represent the illuminating power 
of either this coal or cannel, and the rectangle of the two lines 
may thus be made to represent the production of quantity of 
gas into quality, and another coal or cannel producing other 
quantities and qualities may conveniently be compared with 
this rectangle, by placing the two rectangles together so that 
two sides of the one shall lie along the sides of the other. The 
enclosed space between the two will represent the difference of 
the difference of the two qualities. 

Thus, in this diagram (see fig. 1), let the rectangle I B E 
G represent the number of candles I G (= 22) multiplied by 
the production per ton this cannel produces = G E = 10,000 
cubic feet, and let the rectangle G H A F represent the 
illuminating power multiplied by the production of a coal 
producing 9000 cubic feet (= G F :) of 12.candle gas = H G. 
Then the difference of the areas of these two rectangles, = the 
rectangles IBCH + ACEF, would represent the amount of 
this difference of the differences. 

In diagram (fig. 2), let the figure A D B C represent the 
figure A D B C in the diagram already referred to (fig, 1), and 
divide it horizontally into such equal parts as shall represent 
the equal divisions of the candles 12, 13, 14, 15, <fec., <fec., and 
let the line A C = 1000, the difference between 9000 and 10,000 
cubic feet. 

F 
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The cannel is one which producee 10,000 cubic feet of 22- 
candle gas, and the coal produces 9000 cubic feet of 12-candle 
gas. 

Three-fourths cannel and one-fourth coal will, therefore, 
produce : 

IX 9 = 9, and 9 x 12 =r 108 
3 X 10 = 30, and 30 X 22 rr 660 

4)39 768(19 -69 

9 ' 750 feet of 19 * 69-candle gas. 

Half cannel and half coal will produce : 

9 X 12 = 108 
10 X 22 = 220 

2)19 328 

9 * 500 feet of 17 * 26-candle gas. 

And three of coal to one of cannel will produce : 

3 X 9 = 27, and 27 x 12 = 324 
1 X 10 = 10, and 10 x 22 = 220 

4)37 544 

9*250 feet of 14*7-candle gas. 

From this we find that the following numbers will represent 
the productions per ton of these several mixtures : — 

Caimel. GoaL 

100 per cent. per cent. = 10000 cubic feet of 22-candle gas. 

75 „ 25 „ = 9750 „ 19-69 „ 

60 „ 60 „ = 9500 „ 17-26 „ 

25 „ 75 „ = 9250 „ 14-70 „ 

,,100 „ = 9000 „ 12-00 „ 



Lay ofif co-ordinate lines, which shall represent these resiQts 
— that is, let B represent the locus or position of the point which 
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shall represent 10,000 cubic feet of 22-candle gas ; H, 9760 cubic 
feet of 19-69-candle gas; G, 9500 cubic feet of 17-26-candle 
gas ; F, 9260 cubic feet of 14- 70-candle gas ; and A, 9000 cubic 
feet of 12-candle gas. Draw the straight diagonal line A B 
and it will be found that it does not pass through these points ; 
but the curved line which will pass through them will be the 
line A F G H B. It will be seen that 22 - 12 = 10 will be 
the sum of the series of candles here represented, and that 
10,000 - 9000 = 1000 will be the sum of the differences of the 
productions = A C. The intermediate values could be ascer- 
tained from this and other data, from which the nature of this 
curve and series could be ascertained, which, formulated, would 
give expression to the ratios of each difference of a candle 
shown on this curve — but at present we shall confine our- 
selves to the demonstration of certain other i>eculiarities of 
this curve. 

Now, if these several points, A F G H B, represent a curve 
which shall at these several points represent the illuminating 
power and the production per ton of these several mixtures 
from various percentages of this coal and cannel, this curve 
must also determine the locm for all other productions per ton 

and all illuminating powers within the limits -»> so that A' A" 

A'" A"" and K will respectively represent the values of 13, 14, 
16, 16, and 17-candle gas; and the vertical lines drawn from 
these points will limit the length of lines which shall represent 
the production per ton the mixtures producing those several 
qualities of gas will produce, and the proportions or percentages 
of these mixtures can be determined in a very simple manner. 
For it will be observed that 9500 is an arithmetical mean 
between 10,000 and 9000, and that 

(«^«)+^0 = 9250, and (^^ ></> + » = 9760 
4 4 

and that these are three such numbers as divide the line 10,000 
— 9000 = 1000 into four equal quantities or parts. Vertical 
lines drawn from these four equal divisions, will, of course, 

F 2 
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divide the diagonal or straight line drawn from any scale of 
equal parts into four equal diyisions, and as this line is divided 
into 100 equal parts, it follows that each of these divisions will 
divide it into four equal parts containing 25 divisions each ; so 
that for division O, if the proportion be taken invendy^ 25 per 
cent, of this cannel, mixed^with 75 per cent, of this coal, will 
produce 9250 cubic feet of 14'7-candle gas. But what is true 
of these four divisions will also be true of all others ; therefore, 
vertical lines di'awn from any candle line which intersects the 
curve will enclose a rectangle, whose length will express the 
amount of the make, and whose breadth shall represent the 
illuminating power the mixture will produce, and the per- 
centage of coal and cannel required to manufiEU^ture this quality 
can be read off at the point where the vertical line intersects 
this scale. 

Thus, for 13-candle gas: the production per ton can be 
measured from the vertical line passing through 9*1 in the 
scale, which distance can either be measured with a diagonal 
scale, or from the line of lines on the limbs of a sector, or, in 
the case assumed, from the diagonal scale drawn. 

Consequently, 9 • 1 per cent, of cannel producing 10,000 cubic 
feet of 22-candle gas + 90*9 per cent, of coal producing 9000 
cubic feet of 12-candle gas will together produce 9091 cubic 
feet of 13-candle gas. 

For 9*1X10= 910, which multiplied by 22 = 20020 
And 90-9 X 9 = 8181, „ „ 12 = 98172 



9091 118192 

And 9091)118192(18 
9091 



27282 
27273 



Now, the difference between all the values of the various 
products produced from 9*1 per cent, of this cannel, and 90*9 
per cent, of this coal — the mixture producing 9091 cubic feet of 
1 3-candlo gas, and the various costs involved in manufacturing 



k 
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from this mixture, compared with the same charges for the 
coal producing 9000 cubic feet of 12-candle gas, would form a 
basis from which the value of a candle could be accurately 
ascertained. 

We shall now inquire into the nature of another curve 
obtained in a similar manner to that just enunciated. 

Thus, let the productions per ton be the converse of those 
used for the last demonstration — namely, cannol producing 
9000 cubic feet of 22-candle gas, and the coal producing 10,000 
cubic feet of 12-candlo gas. In this case, the nature of the 
curve has been ascertained for seven points. 

Cannel .... 25 33 50 66 75 100 



Coal .. .. 100 75 66 50 33 25 

Those percentages would be represented by the line — 

D, T, J, K, L, M, N, C, 

this curve being concave, while the other was convex ; and it 
wiU be observed that they intersect at the point w, which is a 
poinl^so situated that on the two opposite suppositions — either 
that coal produces 9000 cubic feet of 12-candlo gas, and cannel 
10,000 cubic feet of 22-candlo gas, or that coal produces 10,000 
cubic feet of l2-candle gas, and the cannel produces 9000 cubic 
feet of 22-candle gas — ^would represent the position of a point, 
where 9475 cubic feet of 17-candle gas would be manufactured 
from 47 '5 per cent, of the cannel, producing 10,000 cubic feet of 
22-candle gas, phu 52 * 5 per cent, of a coal producing 9000 cubic 
feet of 12-candle gas; or this same quality and quantity — 17- 
candle gas and 9475 cubic feet per ton — could also be produced 
from 52' 6 per cent, of a cannel producing 9000 cubic feet of 22- 
candle gas, and 47*4 per cent, of coal producing 10,000 cubic 
feet of 12-candle gas— results which have been obtained from 
using the diagonal scale, but which will be found to nearly 
correspond to those which might have been obtained by 
calculation. 



70 Comparative Gomniereial Valiies of 

Thus: 

10 X 22 = 220, and 220 X 47-4 = 104280 
9 X 12 = 108, and 108 X 62-6 = 66808 



161088 



And : 



. , 161088 ^,„, ^. ^ , 
And Yt 3|— = 9475 cubic feet. 



9 X 22 = 198, and 198 X 62-6 = 10414-8 
10 X 12 = 120, and 120 x 47-4 = 6688-0 



16102-8 



^ , 161028 ^,„^ , . ^ . 
And — j^ — = 9472 cubic feet. 
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Demonstration, that the lijjes A B and D C in Fig. 2 must 
BE Curves, and that the Diagonals cannot represent the 

POINTS WHERE THE Co-ORDIXATES REPRESENTING THE ILLUMINAT- 
ING AND Productive Power of these Mixtures meet. 

We have shown how the values of the lengths of the co- 
ordinates, expressing the values of the candles and the returns 
per ton, may be determined from the selection of a few cases, 
and calculating their values from the values assigned to the 
particular coal and cannel selected. 

We shall now proceed to examine a constructive method of 
obtaining these values, which might conveniently be substituted 
for the arithmetical formulae for obtaining them; although, 
unless large scales were used, they could not be applied to 
obtain these numbers so accurately as they might be found by 
calculation. 

In fig. 3, let the rectangle H J M L represent the illuminating 
power of this coal, multiplied by its productive power ; that is, 
let M J = 12 candles : and L M = 9000 cubic feet, and let the 
rectangle M B D represent the illuminating power of this 
cannel multiplied by its production per ton ; that is, let M B = 
22 candles, and M = 10,000 cubic feet. 

Bisect L M and M 0, then will P N be equal to the produc- 
tion of half a ton of this coal, plus half a ton of this cannel. 
Draw the vertical lines P A and N C, and from A — the point 
where D B produced intersects the vertical line P A— draw the 
diagonal line A E ; and at the point where it cuts M B, at the 
point XJ, draw E G, parallel to P N, then will the rectangle 
P E G N represent the production per ton, multiplied by the 
illuminating power of half and half of this coal and cannel ; for 
the rectangle E U J I is equal in area to the rectangle B G U, 
therefore PIJM + MBCNis equal to P E G N. 
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Make J W = IJ, and draw the straight line A W ; it will 
bisect the line B J in the point F, and, had the oannel piodaced 
9000 oubic feet as well as this coal, wonld have shown that the 
diagonal line which joined the values of the candles would have 
been straight, and necessarily yertical; but the greater the 
divergence of the makes per ton, the greater will be the 
curvature of the curve which joins their extremes, and it will 
bo evident that the converse will also be true — ^that the nearer 
the makes per ton approach each other, the nearer will this 
curve approach to a straight line. 

M U will, therefore, represent the value of the illuminating 
power of this mixture of half and half; and had the makes been 
equal, M F would have represented their value, so that F U 
will ropresont the vertical difiference between the values of the 
lengths of the ordinates, showing the value for the diagonal 
straight line and the curved line. 

Doubling or halving, or taking any other multiple or sub- 
multiple of these values, will not alter the relations they bear 
to each other, for let A B be bisected in the point Q, and B C 
be bisected in the point E, then will the diagonal line, Q V, pass 
through the point U, and the value of J U may therefore be 
found from either of the following formulad — 

K J : JU ; : KI : lA 
or,VJ:JU::VT:TQ 

Or the value of M V (the illuminating power of the gas 
produced from the mixture) may be obtained from the trigono- 
metrical ratios 

A I 

sin angle A K I = j-^ 

J U K being a right-angled triangle : the angle at U = 90 — 
sin U K J 

and J K (which is k nown) x sin U K J _ p, j 

ftnd F J + J M = ordinate. 

In the same miinner, it could be proved that F N and M F in 
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fig. 4 would ropresont the yalaes of the production per ton, and 
the illuminating power of a mixture of two of this ooal to one 
of this cannel, and F J must therefore be the measure of a point 
beyond the straight diagonal line ; f or M N is greater than one- 
half of P M, and this must be true of all other points in the 
curve with the exoeption of its extremes. 
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Waix J W = I J. ud dnw th« stnight line A W; it wiU 
Insect tbeliseB Jin tbe point F, and, had the ouinel produced 
90M cabic feet m well u thia owl, would haTS shown that the 
diagonal line which joined the raloee of the candles woold have 
been straight, and neoe^uilf vertical; bat the greater the 
diTcrgenoo of the makes per ton, the greater will be the 
carratnre of the cnrvo which joina their extremes, and it will 
be evident that the conTertO will also be true— that the nearer 
the makes per Ion approach each other, the nearer will thi« 
curve approach to a straight line. 

M U will, therefore, represent the value of the iUnminating 
power ofthtsmixtureof half and half; and had the makes been 
cjual, M F would have represented their value, bo that F V 
will rtprcsent the vertical difforenoe between the values of the 
Itiigths of the ordinates, showing the value for the diagonal 
stinight line and the curved line. 

IKiabling or halving, or taking any other multiple or sub- 
multiple of these values, will not alter the relatione they boar 
tt» each other, for let A B bo bisected in the point Q, and B C 
tie bisected in the point It, then will the diagonal line, Q V, pass 
through the point U, and tho value of J U may therefore be 
found from cither of the following formulte — 

KJ : JU : : KI : lA 
or, VJ : JU : : VT: TQ 

Or the value of M T (the illuminating power of tbo gas 
produced from (he mixture) may be obtained from tbo trigono- 
molrical ratios 

sin angle A E I = j-jt- 

J U K being a right-angled triangle ; the angle at U = 30 - 
sin U K J 



Bin K U J 
and F J + J M = ordinate. 

In tho same manner, it could be proved tliaf F 
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Proportional Methods of assigning Values to the Gas produced 

FROM Coal or Cannbl. 

Tlie following method of valuing the gas produced from a 
coal or cannel follows as a corollary from a number of the 
preceding principles and formulas. Divide the whole of the 
values of the gas produced from the various coals and cannels in 
the first series of valuations by their several makes per ton. 
Then the following series of prices and qualities corresponding 
to them per 1000 will represent these values for that series of 
coal and cannel valuations. (See Fig. 9.) 



Candles. 


Plus. 


Minus. 




d. 


d. 


11-9 


• • 


17-9 


15-9 


■ • 


1-83 


17-3, standard coal 


3-87 




18-5, intermediate value 


8-69 




19-1 


9-39 




20-2 


15-43 




21*3, standard cannel 


19-98 




27-1 


49-4 




47-0 


131-6 





Draw a line A B, and from it lay off co-ordinates to represent 
these several prices and candle values. One scale may be used 
to measure the one, and another the other, or one scale may 
be used for both. 

Then it will be seen on inspection, that in many places a 
straight line passes through the series of co-ordinates, from 
which the inference to be drawn is — ^that the commercial 
value of candle powers produced from gas-making materials 
per 1000, is proportional to the two values of the standard coal 
and cannel candle, and the distance in candles from origin. 

The difference between the standard cannel candle and the 
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standard ooal candle in this case equals 21*3 — 17*3 = 4 
candles — the difference in price equals 19*98 — 3*87 = 16*11. 

— - — rs 4*028d. will therefore represent the increment of 

increase or decrease from the locus, when the candle power is 
worth 0, and will represent the constant for these values to be 
used in this system of valuation : if the origin A be selected 
lo obtain the extreme minus values, this can easily be done 
from the triangular ratios. In this case I prefer to consider 
origin as located at D, the value in candle power equal to d. 
That value will be found as follows: 16*11 : 4 : : 21*3 : x 
or 5-28; so that 21*3- 6*28 = 16 •02-candle power will in this 
series represent the locus or position when the candle power for 
these valuations is to be valued at nought (0), on the cannel 
candle side of this locus, they are -f or positive values — on the 
other, negative or minus ( — ). 

I shall now illustrate how coals and cannels may be valued 
from this simple method of valuation. 

L . . . sound coal produces 10,820 cubic feet of 17*4-candle 
gas, 1530 lbs. of hot coke, 178 lbs. of tar, and 151 lbs. of ammonia 
water, having a strength equal to 6° Twaddel, and the gas 
produced from this " sound " coal required 78 lbs. of unslacked 
lime for its purification. 

17*4 candle— 16*02 (origin value when the candle value 
equals 0) = 1 * 38 candle, which is the eotxesa of illuminating 
power in the gas produced from this coal, which has a + value. 

10*82 X 1-38 X 4-028 = 60*14d. or 5«. Id. 

So that the value of this coal will be found as follows : 

«. d. 

10*82 X 1-38 X 4-028 = 60«14d =51 

151 lbs. ammonia water 6° T. x -892 = 1*346«. = 14 

178lbs. tarat 1*2«. = 2*136« =2 1^ 

15*30 1bs. cokeat6d. =91*8d =7 7^ 

Difference in carbonizing, etc., expenses between 
10,820 and the standard coal 9,240 = 7«. 3d. - 
68. 2d = 11 

So that 17 3 
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represonted tho yalue of this ooal delivered when the standard 
coal was selling for Ida. dd, 

I shall now find tho yalne of a cannel[ prodnoing 9,676 onbic 
feet of 20 * 3-candle gas ; it also produced 1460 lbs. of coke, 240 lbs. 
t€U*, and 105 lbs. liquor, having a strength equal to 5° Twaddel. 

First the gas. 

20-3 - 16-02 (origin value) = 4-28, •* ^ 

4-28 X 9-676 X 4-028 = 166-79d == 13 10} 

240 lbs. tar at 1«. = 2*4 =26 

105 lbs. ammonia water 6° T. X • 624 = • 665 = 8 

Coke 14-6 at 4i = 4 lOj 

21 10 
Less difiference, carbonizing expenses, between 
cannol producing 10,333 and 9,676 = 6«. lid. 
— 6«. 5d , ,, = 6 

So this cannel was worth 21 4 

delivered when the standard cannel sold for 24^. 6d. 

I shall now bring tliis paper to a close by illustrating a 
case where the mintia (*) value is to be used. 

A coal produces 7,260 cubic feet of 16'1-oandle gas — 1645 
lbs. of coke, 130 lbs. tea*, and 166 lbs. ammonia' water, having a 
strength equal to 4^° Twaddel. 

First find the value of the gas. 

16-02 -15-1 =0-92. 

7-26 X 0-92 X 4-028 = 26'9d., say 27; bo that the gas pro- 
duced from this coal is worth 28. 3(2. less than nothing, 

Difiference in carbonizing, <&c., expenses between this and the 
standard coal = 9^. 2d. — Is. 3d. = Is. lid, 

2s. Zd. 4- 1^. lld.'= 4«. 2d. is therefore the sum which is to be 

deducted from the sum of the values of the secondary products. 

0. d. 

Coke, 15-45 lbs. at 5d. = 77- 26d =6 5i 

Tar, 130 X l-2«. = l-56« =1 6J 

Ammonia water, 1* 65 lbs. X '491 = 9J 

8 9i 
less 4 2 

So this coal is worth only 4 7^ 
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when the standard coal sold for 13^. 9d. ; but this coal sold for 
120. delivered, showing a loss from its use equivalent to nearly 
Ss, per ton purchased. 

The method of yaluing after this system consists first in 
ascertaining for the standard coal and cannel the cost price of 
the gas in each, and dividing this cost price by the makes ; the 
remaining portion of the system I have demonstrated and 
illustrated in this paper, and the diagram accompanying it. 
It will be seen that there is a choice of two methods of valuing ; 
that which is most suitable for practice, we shall allow others 
to determine. 

Fig. No. 7 gives a graphic delineation of the series of co- 
ordinates representing the value per 1000 of the yarious- 
qualities of gas produced from the coals and cannels of the 
second series of valuations. It will be observed that the line 
formed by their junction is straight, and in the preceding calcu- 
lations it is assumed to be atraiglU. The method is therefore 
applicable not only to those qualities of coal or cannel which 
produce qualities of gas intermediate to, or not greatly ex- 
ceeding, either of these limits of illuminating power, but for all 
values above or below these limits ; a line may be constructed 
from the two standard qualities of gas, the ordinates of which 
might be substituted for the constant, by multiplying the 
value of this ordinate, when it corresponds with the illumi- 
nating power in the coal or cannel to be valued by the produc- 
tion per ton, which will represent the commercial value of the 
gas the material produces. 

An additional proof of the correctness of the preceding 
method of valuing the gas produced from coal or cannels, 
3rielding qualities of gas intermediate to the qualities produced 

m 

from the standard coal or cannel, is given in the following 
demonstration. 

Suppose that, after deducting the sum of the values of the 
secondary products produced from the standard coal, plus or 
minus, as the case may be, the value of the difference for 
carbonizing, wages, renewals, repairs, interest, etc. — that the 
value of the 15-candle gas produced from this coal was eciual 
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to 3^. per 1000, and for the standard cannel prodaoing 
22-oandle gas, that the value of its gas per 1000 equalled 20d. 
per 1000, then the following series of valuationB wonld re- 
present the non-fractional series of intermediate values. 



d. d. 

3 = 18 
22 - 16 ^^ 1 X 20 = 20 



15 - 16 \>j>6 X 3 = 18 
^ 1 



7 )38(5-42 per 1000 

15 - 17 V^ 5 X 3 = 15 
22 - 17 ^ 2 X 20 = 40 



)55(7-85 



II 



15 - 18 V>? 4 X 3 = 12 
22 - 18 ^ 3 X 2C = 60 



) 72 (10-28 



»9 



15-19\^3x 3= 9 
22 - 19 ^ 4 X 20 = 80 



)89(12-71 



»f 



15 - 20 \^ 2 X 3 = 6 



- 20 ^ 



22 - 20 ^^ 5 X 20 = 100 





7 ) 106 (15- 14 


15 - 
22 - 


21 ^^ 1 X 3 = 3 
21 ^ 6 X 20 = 120 




7 ) 123 (17-57 



»f 



»9 



Lay oflf these co-ordinates, and it will be found that the line 
which joins the extremes is straight. See Fig. 8, from which 
the inference to be deduced is that the value of the various 
qualities of gas intermediate to the two extreme values of the 
standard coal and cannel candle, is proportional to the quality 
of gas a material produces, measured from origin. 

Thus, supposing a coal produces 9,500 cubic feet of 16-oandle 
gas— the ordinate for 16 candles equals 5'4<J., which x 9-5 = 
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51*3(2. = 48. Syi,, which would represent the value of the gas 
produced — which sum, jplus the value, of the products — ^plus or 
minus the difiference in the costs of the carbonizing, etc., ex- 
penses, would represent the comparative value of this coal. 
This diagram shows a difiference of 2 • 4286/. per candle per 1000. 
As a further extension of the demonstration that the value of 
the illuminating power is directly proportional to its distance 
from the position where the value equals 0. Let Fig. 8 represent 
values of costs and illuminating power similar to those chosen 
for the last example. Then half a thousand of lo-candle gas 
costing 3(2. per thousand, plus half a thousand of 29-candle gas 
worth 37(2., vrill together produce 1000 cubic feet of 22-candle 
gas worth 20(2. Or again, two-thirds of a thousand of 15-candle 
gas costing 3(2. per 1000, plus one-third of a thousand of 36- 
candle gas costing 64(2. per 1000, will together produce 1000 
cubic feet of 22-candle gas, costing 20(2. per 1000. But these 
illuminating powers and prices are the triangular ratios shown 
in the diagram, which shows that the line passing through the 
co-ordinates is straight for values exceeding the standard cannel 
values. Therefore the pltis or minus value of the candle per 
1000 is proportional to its distance from the origin or position 
where the candle values equal 0. In this case the constant will 

equal •= ^- = 2*428(2. per candle per 1000. 

Now, suppose a cannel produced 11,000 cubic feet of 30-candle 
gas, 11 X 2*428(2. X (30 - 13*76) = 443*73(2. = 36«. 1|(2. would 
represent the value of the gas this cannel produced; which 
sum, plus the sum of the values of the secondary products, 
would represent the (K>mparative value of this cannel when 
compared with the standard coal and cannel whose values I 
have assumed to be 3(2. for the coal, and 20(2. for the cannel, 
per 1000. 

One more example of a cannel whose illuminating power 
exceeds that of the standard cannel may sufiSce to bring this 
series of comparative values to a conclusion. 

Suppose the standard cannel produced 10,000 cubic feet per 
ton, and that another cannel produced 10,916 cubic feet of 22* 7- 



'wmtgmrmm C^mminai F«/aes <if 



:4S: !:&. '.i a:^£. 311 11«l o^ tmr. and 65 Ibe. 
vver. IhATiK A irrcuth cqvU to 4* Tw^addel. Then 



.X*'. 



^t. 



kiJC >^M. uc • * h^J/Z CBS . • P^*' 

i:.:-:5 x 2-41^ x 22-7 - i5-76> = 236-9dL = 18 I 

201 Fag. ur. ft2 IJL f ler c«.tiJ « = 2 

^o lbs- y r^icJA -w^iatT. hZ "ooTi. .. .. ^ = 3 

CarfacffTTirg Ascu di5rrEu%s 1 :v»r» azkd 10,916 = 7 



So this cumd woold be irorth £16 



when the gTirnliri ooaI gu lo-caDdle^ was worth 3<f. per 1000, 
and iLe stazi'iAT'i cazjitrl gas < 22-cacdIe^ wa« wi^ith 20dL 



V 
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An Exemplification of how this Proportional method of 
Valuation may be applied in Practice. 

So that there be no misapprehension as to how this pro- 
portional method of valuing the gas produced from coals or 
cannels is to be applied in practice, I have in this final paper 
given a few examples, such as may occur in practice, and have 
shown how the principles previously enunciated are to be 
applied to this concise and easy mode of valuing. 

Suppose a Gas Company have been oifered for purchase the 
coals and cannels here valued. From among these materials select 
two (see Corollary I., page 89) : a coal of fair quality, and a 
cannel of good quality, to represent standards for comparison ; 
with which the remainder are to Ikj compared. For instance. 

Standaud Coal. 

A coal produces 9810 cubic feet of 15'1-candle gas, 120 lbs. 
of tar, 141 lbs. of ammonia water, having a strength equal to 
5° Twaddel, and 1580 lbs. of good coke, and sold for \2s, de- 
livered. 

In the following seiies of valuations I shall assume coal tar 
to be worth 1^. 6rf. per 1 00 lbs., equal to 338. Id. per ton ; cannel 
tars at 1«. per 100 lbs., equal to 22«. bd, per ton, that best coke 
is worth M. per 100 lbs. ; and I shall value the ammoniacal 
liquor with the second tabular scale of prices. 

The standard cannel produced 10,916 cubic feet of 22*7- 
candle gas, 1435 lbs. of coke, 201 lbs. of tar, and 65 lbs. of am- 
monia water, having a strength equal to 4^ Twaddel, and cost 
26«. delivered. 

First, the coal — 

1580 lbs. of coke, at 6fl. per cental 

120 lbs. of tar, fiils. (Sd. „ 

1 41 lbs. of ammonia water X 0*756 

Secondary products worth 



ft. 


r/. 


7 


11 


1 


^'4 


1 





10 


8.1 
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15*5 
12«. minus 10«. 8Jd. = 1«. 3Jd. or 15 'W. kt^ = l'58d. per 

1000 for 15*l-candle gas. 
Next, the cannel — 



1435 lbs. of coko, at 4d. per cental 

201 lbs. of tar. at l8. „ ,, 

65 lbs. of ammonia water X * 3570. per cental 



Diflference carbonizing, etc., 
expenses 10,916 - 9810 



«. 


<f. 


5 


4i 


2 








3 


7 


74 





7 



8 2i 



213 



26«. minxis 8«. 2^(1. = 17«. 9J(i. = 2134., and ^q q^^^ = 19 -5(1., 

which represents the value per 1000 of 22 • 7-candle gas. Now 
find the illuminating power which has a value equal to 0, 
which is found as follows: 19*5 — 1*58 = 17'92(f., and 
17-92 : 7-6 : ; 19*5 : a?, or 8-32, the 7*6 is found by subtracting 
15-1 from 22-7. Then 22-7 minw 8*32 = 14-38, which in 
this case is the quality of gas whose value per 1000 = 0. 



\k w JS 

\ 






V» 1 




22 7 ^ 

j, Minus VALUES ....-^. PLUS VALUM ..\ 

The above proportion stated for the triangular ratios, gives 
the results obtained, and marked in this diagram. Then 

* Hod the value of the standard coal candles* value per 1000, after deducting 
the pum of the values of the secondary products been found to be a minu$ 
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19-5 
g.32 ~ 2*34e2. will represent the rise in value for ecwjh 

increase of one candle in illuminating power on the jplns side 
of origin, or the value for decreases on the mnus side, and it 
is this constant only which we shall require to use in this 
system of valuation, whose logarithm is : Log. 2'34 = 0*3692159. 



Example I. 

A coal produces 7,400 cubic feet of 11'9-candle gas, 1650 
lbs. of coke, 100 lbs. of tar, and 100 lbs. of ammonia water, having 
a strength equal to 4P Twaddel. Here the value of the gaa is a 
minus value. 

14-38 candles 
11*9 candles 



2-48 X 2-34<£. x 7-400 

Log. 2-48 = 0-3944517 
2-34 = 0-3692159 
7-40= 0-8692137 



„ 42-943 = 1-6328993 

s. d. 

1650 lbs. of coke, at bd, per cental 6 10 J 

100 lbs. of tar, at Is. 6<i. „ „ 16 

100 lbs. of ammonia water, at -357s. per cental .. 4 



8 8i 



Talae, as it might have been, had tlio selling price dcliverod been a few 
shillings less, then origin would be found by subtracting the number of 
candles x, which is found by using the following triangular ratios from the 
illuminating power of the cannel. 

The money value in pence of the illuminating power of the standard cannel 
per 1000 + the money value in pence of the minus coal value per 1000 ; (in 
this ease its sign is changed and is positive) : the difference between the 
illuminating power of the standard coal and cannel : : the value in pence of the 
standard cannel gas per 1000 : x, and the illuminating power of the cannel, 
minus x, will give the required distance, or the number of candles which are 
to be valued at minus values, and the distance to origin where the valnes 
begin to have plus values. 

G 2 
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Difference carbonizing, etc., expenses, 7,400^9,810 2 3 
Less gas, 43d 3 7 

5 10 

This coal is worth 2 10^ 
per ton when the standard coal sold for 12«., and the standard 
cannel for 26«. 

Example II. 

A coal produces 9,115 cubic feet of 16'6-candle gas, 1498 
lbs. of coke, 244 lbs. of tar, and 211 lbs. of ammonia water, 
having a strength equal to 4J° Twaddel. 

16-6 
14-38 

2-20 X 2-34d. X 9-115 

Log. 2-2 = 0-3424227 
„ 2-34 =0-3692159 
„ 9-115 =0-9597567 

„ 46-924J. = 1-6713953 

«. d. 

Gas worth 3 11 

14*98 lbs. of coke at 6(1. per cental 7 6 

244 lbs. of tar at Is. 6d. „ „ 3 8 

211 lbs. of ammonia water X '491 per cental.. .. 10 

15 11 

Less carbonizing difference 9,810 — 9115 .. ..0 6 

So this coal is worth 15 5 
when the standard coal is worth 1 2«., and the standard cannel 
is worth 26«. 

Example III. 

A cannel produces 8,370 cubic feet of 17-3-candle gas, 
1330 lbs. of coke, 123 lbs. of tar, and 150 lbs. of ammonia water, 
having a strength equal to 4° Twaddel. 

17-3 
14-38 

2-92 X 2-34 X 8-37 
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Log. 2-34 =0-3692159 
„ 2-92 =0-4653829 
„ 8-37 =0-9227255 



„ 57 -19^.= 1-7573243 



Gas worth 57 -194 =49 

13-30 lbs. of coke at 2d. percental =2 2^ 

123 lbs. of tar at 1«. „ „ =13 

150 lbs. of ammonia water x '357 per cental =06 

8 8i 
Less cli£ference carbouizing, etc., expenses 

10-916- 8-370 = 1 11 

So this cannel is worth 6 9J^ 
when the standard coal sells for 12«., and the standard cannel 
for 26*. 

Example IV. 

A cannel produces 12,500 cubic feet of 32-candle gas, 145 
lbs. of tar, and '60 lbs. of ammonia water, having a strength 
equal to 4J^^ Twaddol and 1100 lbs. of coke. 

32 
14-38 

17-62 X 2-34 X 12-5 

Log. 2-34 =0-3692159 
„ 12-50 =1-0969100 
„ 17-62 =1-2460059 

„ 515-39d. = 2-7121318 

£. t. d. 

Gas woi-th 2 2 11 

1100 lbs. of coke at 2(/. per cental 1 10 

145 lbs. of tar at U, „ „ 1 5]^ 

60 lbs. of ammonia- water X -491 per cental 2J 
Carbonizing, etc., diflferonce between 12*500 and 

10-916 9 

So this cannel is worth £2 7 2 
when the standard coal sells for 12«., and the standard cannel 
for 26*. 
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EXAMPLX Y. 

A coal produces 9260 cubic feet of 16* 7-candle gaa, 1480 lbs. 
of coke, 183 lbs. of tar, and 231 lbs. of ammonia-water, haiong 
a strength equal to 4^° TwaddeL* 

16-7 
14-38 



2-32 X 9-260 X 2-34d. 

Log. 2-34 =0-3692159 
„ 2-32 = 0-3654880 
„ 9-260 =0-9666110 

„ 50-271d. = 1-7013149 

«. d. 

Gas worth 4 2^ 

1480 lbs. of coke at 6d, per cental 7 4J 

183 lbs. of tar at l-5«. „ „ 2 9 

231 lbs. of ammonia water 4^"" Twaddel at -491«. 1 1^ 

15 5i 

Difference, etc., carbonizing expenses 9260 — 9810 5J 

So this coal is worth 15 
when the standard coal sold for 12<., and the standard oannel 
for 26«. 

* This system of valuation may be applied to ascertain the Iobb arising 
from the use of stock coal. The price of removal from the stores to the 
retorts being added, in certain cases, to original cost, delivered, this stock 
coal, which had deteriorated with the low combustion to which it had been 
subjected, would be re-tested, and in the valuation this coal would be treated 
as if it were another material. 
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NAPHTHALINE. 

I have not in any of those valuations taken notioe of the 
tendency of gas produced from inferior qualities of coal (apart 
altogether from the influence of cold) to produce naphtha- 
line (Cio Hg) — from the fact that coal and cannel gas both 
contain a considerable percentage of free hydrogen, it is not 
improbable that it may be increased by the decomposition of 
the heavy hydrocarbon constituents into naphtha and naphtha- 
line, liberating free hydrogen. So also the ** scurf," or retort 
carbon, may also represent the richer carbon deposits from the 
gas, liberating free hydrogen. Common coal gas deposits 
naphthaline, while cannel gas deposits naphtha — the combina- 
tion of the two being a brown liquid — from the fact that 
naphthaline is soluble in naphtha ; advantage may be taken 
of this property to clear mains of naphthaline, by passing cannel 
gas through them — the naphtha of the cannel gas dissolving 
the naphthaline crystals deposited from the coal gas, the two 
being removed by pumping in the street syphons. And since 
inferior qualities of common coal gas produce more naphthaline 
than the better qualities, a liberal discount from their values 
may safely be allowed for the coals producing inferior qualities 
of gas. 
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A Graphic Method of ascebtainiko the Cheapest Materials 
(Coal and Cannel) from which the Standard Qualttt of 
Gas can be Manufactured, follows as a Corollary from 
the precedisg Method of ascertaining Values. 

Corollary I. — Deduct the values of the seoondary products, 
and the difference in the carbonizing, etc., etc., expenses from 
each of the prices delivered for which the material is offered for 
acceptance, and divide this value (value of gas produced) (— ) 
or (+) by the make of that material, lay off co-ordinates re- 
presenting these values (cost and illuminating power per 1000). 
Then the straight line A B, which cuts the standard quality line 
at the lowest point, is that from which that quality of gas can be 
made cheapest from among this selection of materials. (See fig. 10.) 




> 



Corollary II. — If the diagonal line A B be divided into 100 
equal parts, the percentages of coal and cannel gas (volumes), 
requisite to make the required intermediate quality, may be 
read off" from the inverse sides of the vertical line which cuts 
the diagonal one, or this percentage may be road off" from the 
horizontal measurements, (the ratioK being similar), of the 
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vertical lines which pass through these points, or from a scale 
of 100 equal parts, the ends of which, if placed diagonally, 
will measure from the vertical lines passing through the coal 
and cannel illuminating powers ; the percentages of each quality 
of these component gases, cut oflf by the vertical intennediate 
line — which ro&d inversely — gives the percentages by volume 
necessary to manufacture that intermediate quality of gas. 

Corollary III. — Arithmetically the same result and ratios may 
be obtained by subtracting the standard intermediate value from 
the illuminating power the coal and cannel separately produce ; 
then will the sum of these diflferences be to any one of them, as 1 00 
is to a;, from which the percentages by volume may be obtained. 

In a previous paper a similar method was used for obtaining 
the weight of the coal and cannel to be used ; here it is used to 
obtain the volume of each of the constituent gases. 
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A Graphic Method of ascertaining the Percentages by Weight 
OF Coal or Cannel requisIte to make any Quantity of Gas 
intermediate to the Quality produced from the Standard 
Coal and Cannel. 

Let the minus value of 12-candle gas equal 2d. per 1000, and 
the plus value of 32-candle gas equal 45d. per 1000. Then 
graphically 17-candle gas will cost 9 '54. or 9Jd. per 1000 in the 
materials, and by Corollary III., C A : 100 : : C B : a?, or the 
percentage of 32-candleJgas by volume requisite to be used in 
the mixture to produce 17-candle gas, or C A : 100 : : B A ; y, 
or the percentage of 12-candle coal gas, by volume, required for 
this mixture. 

Let the make of the coal equal 9000 cubic feet per ton, and 
the make of the cannel equal 12,000 cubic feet per ton. 

Lay off 10,000 at A and C from a diagonal scale to represent 
similar volumes per unit of length, at A M produced, lay off 
9000 to represent the make of the coal, and at C N produced 
12,000 to represent the make of the cannel. 

Produce P until it meets A C produced in D, and produce 
S R until it meets A C in W. Then if A C = 100, C B will 
equal the percentage by volume of 32-candle gas, and B A the 
percentage by volume of 12-candle gas requisite to manufacture 
17-candle gas, and as rectangle OMxBD = MAxAB, and 
rectangle NSxBW = BCxC N(Euclid I. and 43d) which 
is, that if D W equal 100 tons, B W will equal the percentage 
of tons of cannel required producing 12,000 cubic feet of 32- 
candle gas to produce 17-candle gas from the mixture, and D B 
will equal the number of tons of coal producing 9000 cubic feet 
of 12-candle gas to produce 17-candle gas from the mixture. 

D W : 100 : : D B (the coal) : a; or its percentage by weight, 
or again, 

D W ; 100 : : B W (the cannel) : y, jor its percentage by 
weight in the mixture. 
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By a well known practical geometrical method, it is easy to 
determine from any scale of equal parts these percentages by 

volume and weight. Thus, from 
either extremity of the lines 
to be measured, lay off a line mak- 
ing an angle with the line to be 
measured, cut off 100 parts by 
measurement on this line, con- 
nect the extremities of bgth, form- 
ing a triangle, and parallel to this 
line lay off a line passing through 
the intermediate fractional one. 
This line will cut the percentage 
Hue at the point where the percentages are to be read off on 
the scale. 
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Practical examples of a Method of Valuing Gas Coals and 
Cannels, Graphically and Arithmetically, after the 

SYSTEM described IN COROLLARY I., PaGE 88. 

It was originally my intention to have published this paper 
separately, along with a large engraved diagram, for the use of 
those who chose to resort to this system of valuation, which in 
some respects may be said to be the converse of the method 
already described and exemplified. 

Although I have illustrated this system with the same series 
of examples I selected for the paper, beginning with page 81, 
I have not thought it advisable to abbreviate the estimates of 
the values of the secondary products, which will prevent the 
necessity and inconvenience of my readers referring to matter 
which is common to both papers, which will, I trust, render the 
manner and method of this system of valuation of easy compre- 
hension. 

In the following series of valuations I shall assume that the 
commercial values of the secondary products per cental are 
similar to those quoted in page 81. 

In valuing after this system, it is requisite to have only one 
standard for comparison, which may be either a coal or cannel 
of fair average quality, as it is necessary to compare its make 
per ton with those carbonizing, repair, renewal, and interest 
charges entailed from the use of materials yielding less or 
greater quantities of gas per ton. 

As I have before explained, when a coal or cannel yielding a 
larger quantity of gas than that used to represent the standard 
for comparison, a portion of the price paid is the equivalent of 
these charges paid to the colliery proprietor, in consideration of 
the superior productiveness of this material ; on the other hand 
for inferior qualities valued after this method, this difference 
is really added to cost price deliveredj and forms an element of 
cost of material, as real, as if this charge were added in by the 
colliery proprietor, he agreeing to meet these costs in manu- 
facture. An example will render this reasoning more apparent. 
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The standard coal produces, say 10,000 cubic feet per ton. 
Another material produces 11,000 cubic feet per ton, the 
difference of the carbonizing, etc., charges (page 11) on these 
difference of makes equals Sd. If this coal were delivered 
for, say ISs, 8d, per ton, then the Sd, would represent the 
equiyalent of these charges paid to the colliery proprietor in 
consideration for the extra 1000 cubic feet his material produced 
per ton. On the other hand if another material produced only 
9000 cubic feet, the difference of these costs and charges would 
equal Sd, (see p. 11) ; and in this case, if this coal were delivered 
for 13«. per ton, this Sd, would have to be added on to the cost 
price delivered before a true comparison could be made with 
that quality which produced 10,000 cubic feet per ton.* 

With these preliminary explanations I may now proceed to 
practically illustrate the method of its application by revaluing 
the coals valued in the paper beginning with p. 81. 

Example I. — Standard Coal. 

A coal produces 9810 cubic feet of 15*l-candle gas, 120 lbs. 

of tar, 141 lbs. of ammonia water having a strength equal to 

5° Twaddol, and 1580 lbs. of good coke, and sold for 12«. 

delivered. 

c. d. 
1510 lbs. coke at 6d, per cental 7 11 

120 lbs. of tar at Is. 6d, per cental 1 9j^ 

141 lbs. of ammonia water X 0*756 10 

Secondary products worth .. ..10 8 J 

15' 5d 
12«. — 10«. 8^. = 1«. syi., or 15-5(1., and q.o^ = l'58d per 

1000 cubic feet for 15'1-candle gas, which two numbers 
represent the values of the co-ordinates which are to be laid off 
in the diagram which was the value of the cheapest coal in that 
series of valuations with which the others were compared. 

♦ It will be observed that although 1 have added the difference in the 
costs of carbonizing, interest, repairs, &c., to the price delivered for those 
coals and cannels which produce less gas per ton than the standard coal or 
cannel selected for standards for comparison, nevertheless this is afterwards 
deducted along with Uie value of the tar, coke, and ammonlacal liqnor. 
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Example II. 

The standard cannel in that series produced 10,916 cnbio 

feet of 22-7-candle gas, 1435 lbs. of coke, 201 lbs. of tar, 65 lbs. 

ammonia water, having a strength equal to 4° Twaddel, and 

costs 26«. delivered. The diflference between the carbonizing, 

&c., expenses of a material yielding 9810 cubic feet, and one 

producing 10,916 equals 7rf., so that 26«. minus 7d,, or 25s. 5rf., 

really represented the cost price delivered, as the 7d. was paid 

to the colliery proprietor in consideration of the superior 

productiveness of his cannel, in lieu of wages, interest, cost of 

renewals and repairs, which would have had to have been 

incurred by the gas company as wages, &c., paid to the men, or 

for capital employed in retorts, &c., to work a material producing 

an inferior make. 

The secondary products of this cannel are worth — 

«. d, 

1435 lbs. coke at 4d. per cental 6 4^ 

201 lbs. tar at 1« 2 

65 lbs. of ammonia water x •357s 3 

7 7i 
Difference, carbonizing, &c., expenses 7 

8 2i 

213 
26s. - 8«. 2)^, = 17«.9i<i. = 213d. and j^-^g = 19 -5(1., which 

Thoee charges (carbonizing, interest, repairs, &c.) were not for gas, but the 
outlay which met this difference in the costs of production ; so that, for coals 
or oannels yielding a less production of gas per ton than that material 
selected for a standard of comparison, the plus or minus value of the gas 
produced would bo equal to the price delivered, minus the sum of the value 
of secondary products. On the other hand, the value of these differences 
(carbonizing, interest, renewals, repairs, &c.) must be deducted from the 
price delivered for materials yielding volumes exceeding that produced from 
the coals or cannels selected for standards of comparison. 

Again, it will be seen that interest for extra retorts, and retort house 
accommodation, is included in this difference, inasmuch as, if inferior coal or 
cannel be selected for use, this excess of interest for use of capital must 
necessarily increase the cost price of gas to consumer; not hecatue he pays 
the interest on a necessary expenditurej but because this addition to costs is 
an unnecessary charge, had better and more productive material been 
selected for the manufacture of the gas. 
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ropresonts the cost per 1000 of this 22'7-candle gas, these being 
the values of the co-ordinates of the standard cannel gas per 
1000. 

Example III. — Marked I. in p. 83. 

A coal produces 7,400 cubic feet of ll*9-candle gas, 1650 
lbs. of coke, 100 lbs. of tar, and 100 lbs. of ammonia water 
having a strength equal to 4° Twaddel, and cost ISs. 6d. 
delivered. 

Difference, carbonizing, <fec., expenses, 7,400— 0,810 = 28.3d.; 
8o that really this coal costs 13«. (Sd. + 2«. M. = 16«. delivered^ 
as it cost the extra 2«. 3d. to work it, as compared with the 
]>ctter article producing 9,810, and costing 12«. delivered. 

^. d. 

1050 lbs. of coke at 5(i. per cental 6 10^ 

100 lbs. of tar at 1«. 6rf. per cental 10 

100 lbs. of ammonia water at -357 4 

8 8^ 
Difference, carbonizing expenses, 7,400 — 9,810 .. 2 3 

10 llj 

and 10«. - 10«. lljf?. = 5«. Oyi. or 00 -5^. 

Log. 60-5rf. = 1-7817554 
„ 7-4000 = 0-8092317 

„ 8-1757 = 0-9125237 
so that this 11-9-candle gas costs 8-1757d per 1000, which 
figures are the co-ordinates to be used in the diag^ram. 

Example IV. — or II. in p. 84. 

A coal produces 9,115 cubic feet of 10- 0-candle gas, 1498 lbs. 
of coke, 244 lbs. of tar, and 211 lbs. of ammonia water having a 
strength equal to 4^*^ Twaddel, and costs 10». delivered. 

Difference in carbonizing, &c., expenses, between coal yielding 
9810 and 9115 cubic feet equals 0^., so that this coal nearly 
costs 10*. Od. delivered. 
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«. d 

1498 lbs. of coke at 6d. per cental 7 6 

244 lbs. of tar at Is. per cental .. .. 3 8 

211 lbs. of ammonia water x '491 per cental .. 10 

12 
Carbonizing, &c., differences between 9810 — 9115 6 

12 6 
and 1 6«. Od. - 1 2s. 6d. = 4«. = 48d. 

Log. 48d. = 1-6812412 
Log. 9-115 = 0-9597567 

Log. 5-266 = 0-7214845 
so that this 16-6-candle gas costs 5'26Qd. per 1000, the values 
of the required co-ordinates. 

Example V. — or No, III., p. 84. 

A cannel produces 8,370 cubic feet of 17-3-candle gas, 1330 
lbs. of coke, 123 lbs. of tar, and 150 lbs. of ammonia water 
having a btrength equal to 4° Twaddel, and costs 17s. 6d. 
delivered. 

This cannel produces 8,370 cubic feet, while the standard 
coal produced 9,810 cubic feet, a difference against this cannel 
equal to Is. Sd. per ton, making its real cost equivalent to 
18s. 9d, per ton as compared with that of the standard coal. 

c. d. 

1330 lbs. of coke at 2d. per cental 2 2J 

123 lbs. of tar at Is. per cental 13 

150 lbs. of ammonia water X '357 6 

3 Hi 

Difference, carbonizing, &c., expenses 8370 and 9810 1 3 

5 2^ 

18-a - 5s. 2Jd. = 13s. 6]^. or 162-5d. 

Log. 1 62' 5d. = 2-2108534 
Log. 8-370 =0-9227225 

Log. 19-415 = 1-2881309 

H 
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So that thk 17-S-candle gas costs 19-415d. per 1000 culnc feet, 
which Talues represent the co-ordmates to be laid off on the 
diagram. 

Example VI.— ttoi u FF., p. 85. 

A cannel produces 12,500 cabic feet of 32-candle gas, 145 lbs. 
of tar, and 60 lbs. of ammonia water having a strength equal to 
^^ Twaddel, and 1100 lbs. of coke, and this cannel cost 
£2 lOtf. deUveied. 

The difference between the carbonizing, Ac, expenses, 12,500 
- 9810 equals U. 5d. 

f. d. 

llOOlbs. of coke at 2<f. percental 110 

145 lbs. tar at Is. per cental 1 5^ 

60 lbs. ammonia water x *491 .* .. 2^ 

Difference, carbonizing, dbc, expenses, 9810 ^ 12,500 1 5 

4 11 
£2 10«. — 48, lid. leaves £2 5s. Id. to represent the cost of the 
gas, = 541d. 

Log. 541d. = 2-7331973 
Log. 12,500 = 1-0969100 

Log. 43-28 = 1-6362873 
So that this 32-candle gas costs 43-28d. per 1000, which two 
values gives the required ordinates. 



Example VII. — that is No. V. in p. 86. 

A coal produces 9260 cubic feet of 16-7-candle gas, 1480 
lbs. of coke, 183 lbs. of tar, and 231 lbs. of ammonia water 
having a strength equal to 4^° Twaddel, and costs 16«. 
delivered. 

This coal produces only 9260 cubic feet, while the standard 
coal produced 9810. The differences in carbonizing, Ac, 
expenses corresponding to these numbers equals 5^., so that this 
coal really costs 16». 5d. delivered. 
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8. d. 

1480 lbs. of coko at 6d. per cental 7 4J^ 

183 lbs. of tar at 1*58 2 9 

231 lbs. of ammonia water, 4^° Twaddel, at 0-491«. 1 1^ 
Difference, &c., carbonizing expenses between 9810 

and 9260 6 



11 8 



16«. 6d. — 11«. Sd, = 48. 9d,y or 57 d. 

Log. 57d^ = 1-7558749 
Log. 9260 = 0-9666110 

Log. 6-1655 = 0-7892639 
So that this 16-7-candle gas cost 6-1666<f. per 1000 cubic feet, 
which gives the co-ordinates. 

In Fig. 16 1 have laid off these co-ordinates as they would be 
laid off on an enlarged diagram such as I propose to have 
published shortly, marking the results obtained by this system of 
ascertaining the values of the various qualities of gas per 1000 
with a 0, and showing the comparative values as ascertained 
by the previously described method, thus •, so that both 
methods are delineated in the same diagram. 

Suppose the quality of gas to be manufactured was 17-candle 
gas, then it could be made cheapest from Nos. 1 and 2, and, as 
measured graphically, would cost 6^. in the material, in- 
dependent of the cost of labour, profit, and those charges which 
in the aggregate made up cost price per 1000 at the station 
meter. 

On the other hand, if this 17-candle gas were made from 
mixtures of No. 3 and 6, the cost of the gas per 1000 at the 
station meter in the material, with nothing expended for labour, 
&c., would graphically equal 18*6d, a difference equivalent to 
Is. per 1000 at the station meter. Nor are these ideal values ; 
they were the prices current for these materials at a certain 
date and place. These possible differences in costs amounting 
to 12d.f a sum sufficient to add from four to five candles to the 
illuminating power of the gaa if made from more judiciously 
selected materials. On the other hand, it will be but too 
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apparent, how difficult it may be in certain cases to make ends 
meet, unless illuminating power is sacrificed to prevent the loss 
which must necessarily arise from the use of inferior and high- 
priced materials. 

It is this graphic system which should be used first to dis- 
cover from what materials the gas can be made cheapest, and 
from this, by means of formulae and methods already described 
and illustrated, to ascertain the comparative commercial values 
of all other qualities of gas produced from the coals or cannels 
submitted for approval and purchase. 

I propose shortly to have issued an engraved diagram suitable 
for ascertaining these values graphically, which will enable this 
system to be more expeditiously applied than if each of these 
co-ordinates had to be drawn on paper. 

And now I shall draw these papers to a conclusion. In them 
I have treated of gas-making from a geometrical and mathe- 
matical basis. If the premises in the introduction are a reason- 
able statement of facts, and the methods afterwards pursued, 
together with the deductions drawn firom them, be the legitimate 
inferences deduceable from the inductive introduction, leading 
up in the final papers to a simple and easily applied system of 
valuation, then I may not altogether have laboured in vain. 
Trusting this system of valuation may at times be found service- 
able to those requiring the use of such methods of valuing, that 
it will bear the test of experience, and the scrutiny of those who 
are most capable of judging its merits or demerits, I now take 
leave of the subject, and bring my labours to a close. 
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J. & J. BRADDOCK, 

GAS ENOmEEBS, 

GLOBE METER WORKS, OLDHAM, 

BOLE M;A.i<r'a":pjLCTtriaBl6S OF 

BRADDOCK'S PATENT COMPENSATING STATION AND 

CONSUMERS' GOVERNORS. 




RECTANGULAR STATION METERS, 

WITH PLANED JOINTS. 



CYLINDRICAL STATION METEBS 

ON CAST-IHON STANDS. 



CONSUMERS' WET AND DRY METERS. 



MAIN, STEAM, WATER, AND LAMP TAPS, STREET LAMPS, in. 

A Larye Stock of CoiiBumers' MUerg, Station Meters, and Oovemun coHttaittiy kept. 



DOVENBY CANNEL. 



THE 

DOVENBY COLLIERY COMPANY, 

COCEERHOUTB, CUHBEBLAND, 

Supply direct from the Colliery at Do venby, to any Railway 

Station, or for Export, 

THEIR VALUABLE 

GANNEL AND SUPERIOR GAS GOES 

AND 

GANNISTER FIRE CLAY, 

And beg to call iho uttention of Gas and Ooke Companies, and Fire and Ornamental 

Briok l^nufaoturers, to the excellence of the produce of the seams they are now 

working, as pruved by some years of practical use, and as shown by analyses made 

by Dr. Wallace, F.K.S.E., which, with prices, can bo had on application. 



THE DOVENBY OANNEL, 

Which is the only rich Cannel hitherto 
found in the Cumberland Coal Field, yields 
10,76S cubic feet of gas of 4p-48-CANDLE 
power, being equal in illuminating power 
to that obtained from the celebrated BOG- 
HEAD CANNEL. The GAS and COKING 

COAL gives 10,360 cubic feet of Gas of 

15'57-candle power and of Coke 12^ cwt. per 

ton of coal, containing slightly over 90 per cent, of 
carbonaceous and combustible matter, with only ^ per 

cent, of sulphur, and ash under 10 per cent. 

The Gannister is of excellent quality. The Fire-Clay 
contains 55 per cent, of silica and I J per cent, of 
titanic acid, is remarkably fine grained, burns almost 
white, and perfectly free from specks, is well adapted for 
the manufacture of Fire-Bricks and Furnace-Blocks, and 
is of the highest quality for Building Bricks and Orna- 
mental Ware. 
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vertionof Hyidbroraefters— Stmngthof Sohitiops by Spedfie GraYky-^Aaalysb— Gas Analysis- 
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A Practical Treatise on Coal Mining. By George 

Q. And&I^ F.G.&, Assoc. Inst C.E., Member of the Society of Engineers. 
With 82 lithographic plaUs. 2 vols., royal 4to, doth, ^l, 12s, 

Contents : 

I. Practical Geolofjr—n. Coal, Its Mode of Ociearrenoe. Composition, and Varieties — III. 
SbarehioglorCdal— IV. Shaf^sinldng-^V. DnTbgofLev«U,orNsrn>wWork— VI. Systems 
•f Worlaog— VII. GettiBg tho Coal— VIII. Haulage— IX. Winding— X. Drainage— XI. 
TenCilatio&*^XII. Incidental Operations — ^XIII.* Surface Work— XIV. Management and 
Acoouatt-'XV. Characteristics of the Coal Fields of Great Britain and America. 

TAe Electric Transmission of Power^ its Present 

Position and Advantages. By Paget Higgs, LL.D., D.Sc.« Telford 
Prizeman, and Associate Member of the Institution of Civil Engineers. 
With mtmeraus illmstratipns. Crown 8vo, cloth, y. 

Contents : 

D]niBmo*eIectric Machiiin»— The Gramme Machine— The Brush Machine— The WaHace- 
Planner and Siemens Machines— Efficiency of Dvnamo-electric Machines— Practicability of 
dw Transmission of Poorer by Eleetridty — Effidency of Coupled Machines— Comparative 
liffioeocjr of Various Machines-*Other Theoretical Connderationt— Conduiiooa. 

The Clerk of Works: a Vade-Mecum for all engaged 

in the Superiatendenoe of Building Operations. By G. G. Hosxins, 
F,R.LB.A. Fpap. 8yo, doth, ix. 6d, 

Coffee Planting in Southern India and C^lon. By 

E. C. P. Hull. Crown 8vo^ doth, 9/. 
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Spons* Information for Colonial Engineers. Edited 

by J. T. Hurst. D«my 8vo^ lewed. 

No. I, Ceylon. By ABRAHAM DKAKE, C.K 2x. 6^. 

Contents: 

Introductory Remarks -^Natunl Productions —Asthitecture and EnpneeHng— Topo- 
graphy, Trade, and Natural History— Principal Station*— Weights and Measures, etc., etc 

No. 2. Southern Africa, including the Cape Colony, Natal, and the 

Dutch Republics. By Henry Hall, F.R.G.&., F.R.C.L With 

Map. Xs, 6d. _ 

'^ •^ Contents : 

General Description of South Africa — Physical Geography with reference to Engineering 
Operations— Notes on Labour and Material m Cape Colofiy— Geological Notes on Hock 



i^pcrauons— i>tote8 on i^Dour and Material m uape V.^>lofiy— Oeeiogicai Moces on jkock 
Formation fn South Africa— 'Engineering In'struments for Use' in South Africa— Principal 




Draught Purposes-^Statisticai Notes — Table of Distances^Rates of Carria|;e, etc. 

No. 3. India. By F. C. Danvers, Assoc. Inst CB. With Map. 4^. 6</. 

Contents : 

Physical Geography of Indi»— Building Materials— Road»— Railways— Bridget— Irriga- 
tion— River Works — Harbours— Lighthouse Buildings— Native Labour — The Principal 
Trees of India— Money— Weights and Measures— Glossary of Indian Terms, etc. 



Tropical Agriculture ; or, the Culture, Preparation, 

Commerce, and Consumption of the Principal Products of the Vegetable 
Kingdom, as furnishing Food, Clothing, Medicine, etc., and in their 
relation to the Arts and Manufactures ; forming a practical treatise and 
Handbook of Reference for the Colonist, Manufacturer, Merchant, and 
Consumer, on the Cultivation, Preparation for Shipment, and Commercial 
Value, etc., of the various Substances obtained from Trees and Plants 
entering into the Husbandry of Tropical and Sub-Tropical Regions. By 
P. L. SiMMONDS. Second edition, revised and improved, in one thick 
voL 8vo, cloth, I/. \s. 



Steely its History^ Manufacture^ and Uses. By 

J. S. Jeans, Secretary of the Iron and Steel Institute. Numerous mgra- 
vings, 8vo, cloth. Nearly ready. 

Section I., Hi«?tory op Stsbl: Chapl x. History of Steel— a. Eariy Hbtory in England 
—3. Progress of Invention— 4- History of Bessemer Proceasr— 5. SiemensrMartin Plroccss— 
6. Other Steel-making Processes— 7. Steel in America— 8. Germany— 9. France— xo. Austria 
—11. Russia— IS. Sweden— 13. Other Countries. Section IL, Manufacturb or Stsbl: 
Chap. 14. Cementation and other Methods— x$. Manufacture by Bessemer Process— 16. 
Siemens-Mariin Process- 17. Other Methods. Section III , Chbmical and Physical 
pROPBRTiBS OF Stbbl: Chap. x8. Phosphorus in Steel— 19. The Use of Manganese— ao. 
Spiegeleisen— 31. Sulphur in Steel— aa. Silicon in Steel— a^. Tensile Strength of Steel— a^ 
Mechanical Tests of Steel— 35. Analysis of Steel. Secrioa IV., Usbs op Stbbl : Chap. a6. 
Application of Steel to Railway Purposes— ay. To Shipbuilding— 28. To Bridge BuOding— 
ag. To General Purposes— 30. Uuns and Armour Plates— 31. Other Porposes. 
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Compensations: a Text-book for Surveyors, in Tabu- 
lated Form. By Banister Flktchsr. Crown 8vo, cloth, 5^, 

Contents : 

The Varieties of Damage for which Qaims may arise — ^Various Classes of Property- 
Points to be observed in Surveys— Notices to Treat— Natiire of Damage for which Claims 
can and cannot be sustained— What Property can be compulsorily taken— When £ntr^ on 
Property can and cannot be compulsorily made— Of Goodwill and Stock — and of the various 
Legal Methods of Settlement or Disputed Claims— together with Full and Explicit Instruc- 
tions on the Methods of Valuing and of Making Qaims ; with Comments on Cases arising 
ttuder the Metropolis Local Management and Metropolitan Buildbgs Acts ; the whole given 
ia a Practical and Comprehensive Form, supplemented by a copious Appendix, containing 
many Useful Forms and Precedents, and also Tables for the Valuation ol Ff eeholds. Lease- 
holds, Reversions, and Life-Interests. 

Dilapidations: a Text-book for Architects and Sur- 

▼eyors, in Tabulated Foxixl Bv Banister Fletcher, Fellow Royal 
Inst Brit Arch. (Author of ' Model Houses ' ). Showing who are liable for 
Dilapidations, and the extent of the liability of Lessors, Lessees, Tenants 
at will, Tenants by elegit. Statute, Merchant, or Staple Tenants in fee 
simple. Tenants in tall. Tenants for life. Tenants for years without 
impeachment of Waste, Mortga£;or, Mortgagee in possession. Yearly 
Tenants, Tenants in common, and joint Tenants, Rights of coparceners ; 
also whkt are dilapidations and waste, and further fully instructs the 
surveyor how to take and value them, to which is added the duties of 
surveyors, with a table of legal cases, embracing the most recent, and 
illustrated throughout by examples drawn from the author's experience, 
and latest legal decisions. Crown 8vo, cloth, 5r« 

Spons* Dictionary of Engineering, Civile Mechanical, 

Military^ and Naval; with technical terms in French, German, Italian, 
and Spanish, 3100 pp., and nearly 8000 engravings ^ in super-royal 8vo, 
in 8 divisions, 5/. is. Complete in 3 vols., doth, 5^ 5^. Bound in a 
superior manner, hidf-morocco, top edge gilt, 3 vols., 6/. 12s, 

Seepage 16. 

A Treatise on the Origin, Progress, Prevention, and 

Cure of Dry Rot in Timber; with Remarks on the Means of Preserving 
Wood from Destruction by Sea- Worms, Beetles, Ants, etc. By Thomas 
Allen Britton, late Surveyor to the Metropolitan Board of Works, 
etc., etc Plates^ crown 8vo, cloth, 71. dd, 

A General Table for facilitating the Calculation of 

Earthworks for Railways, Canals, etc. ; with a Table of Proportional 
Parts. By Francis Bashforth, M.A., Fellow of St John's College, 
Cambridge. In 8vo, doth, with mahogany slide, 41. 

** This litde Tolume should become the handbook of every person whose duties require eren 
occasional calculations of this nature : were it only that it is more extensively applicable than 
•ay other in existence, we could cordiaUy recommend it to our readers : but when they learn 
diat the use of it involves only half the laboiur of all other Tables constituted for the same 
purposes^ we offer the strongest of all recommendations— Chat founded on the value of time." — 
mechoHui's Magmine, 



PUBLISHED BY E. & F. N. SPON. 



A Handbook of Electrical Testing. By H. R: 

Kempe, Assoc of the Society of Telegraph Engineers. With lUuHra- 
H^ns, Fcap. 8iro, cloth, p. 

Electricity; its Theory, Sources, and Applications. 

Bj John T. Spragus, Member of the Society of Tdegraph Engineen. 
With 91 woodcuts and 30 valuable Tables. Crown 8vo« doth, &r. 

Electricity and the Electric Telegraph. By George 

B. Prsscott. With 564 woodaa ilbutrmiiom^ 8to^ doth, i8#. 

Electro 'Telegraphy. By Frederick S. Beechey, 

Tdegraph Engineer, a Book for Beginners. Fcap. 8to^ doth, ix. td. 

Engineering Papers. By Graham Smith. 8vo, 

doth, o. ^ 

' ^ Coif TENTS: 

Mortar: "Miller Prke" Paper— Practical Ironwork: « MiHer Prize " Paper^Rctaii 
Walls: Paper read at the fdiaburgh aad Leith Enfineen* Society. With Addenda 
Dkcussions to each. 

Spons Engineers and Contractors Illustrated Book 

of Prica «f MachinOj Tools^ Ironwork^ and Contractor^ Material* 
Royal 8to, doth, 7j. 6^. Third edition nearly ready. 

The Gas Consumers Handy Book. By William 

Richards, C.E. i8mo, tewed, (id. 

A Practical Treatise on Natural and Artificial 

Concrete y its Varieties and Constructive Adaptations. By Henrt Rxid^ 
Anthor of the ' Sdence and Art of the Manufacture of Portland Cement.' 
With numerous woodcuts and plates ^ 8vo, doth, I p. 

The Gas Analyst's Manual. By F. W. Hartley, 

Assoc. Inst. C.K, etc With numerous illustrations. Crown 8yo, 
doth, 6tr. 

The French' Polisher s Manual. By a French- 

P(^isher; containing Timber Staining, Washing, Matching, Improring, 
Painting, Imitations, Directions for Staining, Sizing, Embodying, 
Smoothing, Spirit Varnishing, French-Polishing, Directions for Re- 
polishing. Third edition, ro^ 32mo, sewed, dd. 
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A Pocket-Book of Useful Formula and Memoranda 

for Chfil and Mechanical Engineers, By Guilford L. Molesworth, 
Mem. Inst C. £., Consuldng Engineer to the Government of India for 
State Railways. Nineteenth edition, with a valuable contribution on 
Telegraphs by R. S. Brough and Dr. Paget Higgs. 32mo, roan, 6j. 
Ditto, interleaved with ruled Paper for Office use, 91. Ditto, printed on 
ndia paper, . Synopsis or Contents: 

Sunreyiag, Lerelliai:, etc.— Strength and Weight of Materials— Earthwork, Brickwork, 
Masonry, Arches, etc.— Struts, Columns, Beams, and Trusses — Flooring, Roofing, and Roof 
Trusse»--Girden, Bridges, etc— Railways and Roads— Hydraulic Formulae— Canals. Sewers, 
Waterworks, Docks— irrigation and Breakwater! — Gas, Ventilation, and Warminff— Heat, 
Light, Colour, and Sound— Gravity : Centres, Forces, and Powers — MiHwork, Teeth of 
Wheels, Shafting, etc.<— Workshop Recipes — Sundry Machinery — Animal Power— Steam and 
the Steam fingmc— Water-power, Water-wheels, Turbines, etc. — Wind and Windmills- 
Steam Navigation, Ship Building, Tonna|;e, etc. — Gunnery, Projectiles, etc. — Weights, 
Measures, and Money — ^Trigonometry, Coiuc Sections, and Curves— Tel^raphy—Mensura' 
don-^Tables of Areas and Circumference, and Arcs of Circles — LcMparidims, Square and 
Cube Roots, Powers — Reciprocals, etc. — Useful Numbers— Differential aod Int^;ral Calcu- 
lus — Atgebnic Signs'^Telegraphic Construction smd Formulas. 

" Most of our readers are sdready acauainted with Molesworth's Pocket-book, and not a 
few, we imagine, are indebted to it for valuable information, or for refreshers of the memory. 
The book has b^a rfrarraaged, the supplem«ntal formulae and tables added since the first 
issue having now been incorporated with the body of the boolcin their proper positions, the 
whole making a handy size for the pocket. Every case has been taken to ensure correctness, 
both clerically and typographically, and the book is an indispensable vnde-wucum for the 
mechanic and tiM proiMalonM iimxk.**'-^EngHtk Meckank. 

Spons\ Tables and Memoranda for Engineers; 

fidected and arranged by J. T. Ht^RST, C.E., Author of * Architectural 
Sunreyorg' Handb^k,' 'Hurst's Tredgold's Carpentry/ etc. 64mo, roan, 
gilt edges, third editioOt revised and ia^royea, is. Or in cloth case, 
is. 6d. 

This woric js^printed in a peari type, and is so small» measuring only ai in. by if in. by 
i im thick, that it nmy be easQy earned in the waistcoat pocket. 

" It is certainly aiki extremely rare thing for a reviewer to be called upon to notice a volume 
measuring but ai in. by if in., vet these dimensions faithfully represent th6 size of the handy 
little book before us. The volume— which contains iz8 printecl pages, besides a few blank 
pages for memoranda— is, in fact, a true pocket-book, adapted for being carried in the waist- 
hoit pocket, a|Ki containing a far greater amount and variety of infiDrmation than most people 
would imagine' could be compressed into so small a space. .... The little volume has been 
compiled with considerable care and judgment, and we can cordially recommend it to our 
readers as a tise£al little pocket companioo. "—^ngm^trh^. 

Analysis, Technical Valuation^ Purification and Use 

^ Coal Gas. By the Eev. W. R. Bowpitch, M.A. With tuood engravings^ 
8vo, cloth, i2s. (uL 

Condensation of Gas— Purification of Gas— Light— Measuring-— Place of Testing Gas- 
Test Candles — ^The Standard for Measuring Gas-light — Test Burners — Testing Gas for 
Sulphur — Testiiu; Gas for Ammonia — Condensation by Bromine*— Gravimetric Method of 
taking Specific Gravity of Qus — Carburetting or Naphthalizing Gas — Acetylene— Explosions 
of Ga»*Gaawing tH ^Mpipes by Rats- ftiMurc as related to PubOc Li^xttng, etc. 

Hops, their Cultivation, Commerce, and Uses in 

various Countries, By P. L. SiMiiONDS. Crown Svq, doth, 4/. 64/. 



PUBLISHED BY E. & F. N. SPON/ 



A Practical Treatise on the Manufacture and Distri- 
bution of Coal Gas, By William Richards. Demy 4to, with numerous 
wood engravings and large plates^ cloth, 28^. 

Synopsis of Contents : 

Introduction— Hbtory of Gas Lighting— Chemistry of Gas Mantiikcture, by Lewis 
Thompson, Elsq., M.R.C.S. — Coal, with ^alyses, by J. Patersoa, Lewis Tktompsoo, and 
G. R. Hislop, £sqrs.— Retorts, Iron and Clay — Retort Settin|[— Hydraulic Main— -Con- 
densers— Exnausters — Washers and Scrubbers-*Puriiiers— Purification— History of Gas 
Holder — Tanks, Brick and Stone, Composite Concrete, Cast-iron, Compound Annular 
Wrought-iron — Specifications— Gas Holders — Station Meter- Governor — Distribution— 
MainA-Gas Mathematics, or Formulae for the Distribution of Gas, by Lewis Thompson, Es<^.— 
Services — Consumers' Meters — Regulators — Burners — Fittings— Photometer^Carburization 
of Gas— Air Gas and Water Ga9--Compo&ition of Coal Gas, by Lewis Thompson, Esq.-* 
Analyses of Gas — Influence of Atmospheric Pressure and Temperature on Ga»— Resioual 
Prodncfis — Appendix— ^Description of Retort Settings, Buildings, eCe., etc 

Practical Geometry and Engineering Drawing ; a 

Course of Descriptive Geometry adapted to the Requirements of the 
Engineering Draughtsman, Including the determination of cast shadows 
and Isometric Projection, each chapter being followed by numerous 
examples; to which are added rules for Shaiding Shade-lining, etc, 
together with practical instructions as to the Lining, Colouring, Printing, 
and general treatment of Engineering Drawings, with a chapter on 
drawmg Instruments. £7 George S. Clarke, Lieut R.E., Instructor 
in Mechanical Drawing, Royal Indian Engineering College, Cooper^s 
Hill. 20 plates, 4to, cloth, 15/. 

The Elements of Graphic Statics. By Professor 

Karl Von Ott, translated from the German by G. S. Clarke, Lieut. 
R.E., Instructor in Mechanical Drawing, Royal Indian Engineering 
College, Cooper's HilL Crown 8vo, cloth, 5/. 

A Practical Treatise on Heat, as applied to the 

Useful Arts; for the Use of Engineers, Architects, etc. By Thomas 
Box. Second edition, revised and enlarged, crown 8vo, doth, 12s, 6d, 

The New Formula for Mean Velocity of Discharge 

of Rivers and Canals. By W. R. KuTTER, translated from articles in 
the * Cultur-Ingenieur.* By Lowis D'A. Jackson, Assoc Inst C.E. 
8vo, cloth, I2J. td. 

Hydraulics of Great Rivers ; being Observations and 

Surveys on the Largest Rivers of the World. By J. J. Revy. Imp. 4to, 
cloth, with eight large plates and charts^ 2/. 2J. 

Practical Hydraulics ; a Series of Rules and Tables 

for the use of Engineers, etc., etc. By Thomas Box. Fifth edition, 
numerous plates^ post 8vo, cloth, 5^. 
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Surcharged and different Forms of Retaining Walls. 

. By J. sT Tate. Cuts^ 8vo, sewed, 2/. 

A Treatise on Ropemaking as practised in public and 

privaU Rope^ards^ ip^th a Deseripdon of the MamifaEcfare; Rules, TaUes 
of Weights, etc, adapted to the Trade, Shipping, Mining, Raihvays, 
Builders, etc Bj R. Chapman, formeri^ foreman to Messrs. Huddart 
and Co., Limehouse, and late Master Ropemaker to- H^M. Dockyard, 
Deptford. Second editifm, lamo, doth, y. 

Sanitary Engineering ; a Series of Lectures given 

before the SehoM of BngineeriHg^ Chatham^ Division I. Air^— Division II. 
Water.— Division III. The Dwelling.— Division IV. The Town and 
Village. — Division V. The Disposal of Sewage. Copiously illustrated. 
By J. Bailey Denton, C.E., F.G.S., Honorary Member of the Agri- 
cultural Societies of Norway, Sweden, and Hanover, and Author of the 
'Farm Homesteads of England,* 'Village Sanitary Economy,' 'Storage 
of Water,' 'Sewage Fanniag,' etc Ro^ 8va, doth, 2y. 

Sanitary Engineering: a Guide to the Construction 

of Works of Sewerage and House Drainage, with Tables for fadlitating 
the calculations of the Engineer. By Baldwin Latham, C.E., M. Inst. 
C.E., F.G.S., F.M S., Past'President of the Society of Engineers. Second 
editioii, wUh numerous plates mnd woodcut^ 8vo, cloth, iL lor. 

A Practical TrecUise on Modem Screw-Propulsion. 

By N. P. BtTRGH, Engineer. Illustrated with 52 large plates and 103 
^sfoodtuts^ 4to, half-morocco-, a/. 2j. 

Screw Cutting Tables for Engineers and Machinists, 

giving the values of the different trains of Wheels required to produce 
crews of any pitch, calculated by Lord Lindsay, M.P., F.R.S., F.K.A.S., 
etc. Royal 8vo, doth, oblong, 2s, 

Screw Cutting Tables, for the use of Mechanical 

.Engineers^ showing the proper arrangement of Wheels for cutting the 
Threads of Screws of any required pitch, with a Table for making the 
Universal Gas-pipe Threads and Taps. By W. A. Martin, Engineer. 
Second edition, royal 8vq, oblong, doth, \s. 

Treatise on Valve-Gears, with special consideration 

of the Lmk-Motions of Locomotive Engines. By Dr. GtJSTAT Zeunbr. 
Third edition, revised and enlarged, translated frcnn the German, with the 
spedal permission of the author, by Mo&iTZ Mt^LLER. Plaits, 8vo, 
cloth, I2J. 6^. 



PUBLISHED BY E. & F. N. SPON. 13 

Cleaning and Scouring: a Manual for Dyers, Laun- 
dresses, and for Domestic Use. By S. Christophbr, i8mo, sewed, 6d. 

A Treatise an a Practical Method of Designing Slide- 

Vahe Gears by SimpU (konutrkal ConthrucHon^ based upon the piindples 
enunciated in Euclid's Elements, and comprising the various forms of 
Plain Slide-Valve and Expansion Gearing ; together with Stephenson's, 
Gooch*s, and Allan's Link-Motions, as applied either to reversing or to 
variable expansion combinations. Bj Edward J. CowLiMG W£LCH, 
Memb. Inst Mechanical Engineers. Crown 8vo, doth. 6r. 

The Slide Valve practically considered. By N. P. 

Burgh, Engineer. Ninth edition, with 88 iUustraiions^ crown 8vo, 
doth, 5x. 

A Pocket-Book for Boiler Makers and Steam Users^ 

comprising a variety of useful information for Employer and Workman, 
Government Inspectors, Board of Trade Surveyors, Engineers in charge 
of Works and Slips, Foremen of Manufactories, and the general Steam- 
using Public By Mauricx John Sexton. Royal 32mo, roan, gUt 
edges, 5/. 

Modern Compound Engines ; being a Supplement to 

Modem Marine Engineering. By N. P. Burgh, Mem. InsL Mech. Eng. 
Numerous large pUUa of working drawings^ 4to, doth, \%s. 

The follomng Finns hare contributed Workins Drawings of their best and most modem 
examples of Engines fitted in the Royal and Mercantile Navies : Messrs. Maudsla^, Rennie* 
Watt, Dudgeon, Humphrey!, Ravenhill, Jackson, Perkins, Napier, Elder, L4urd, Day, 
Allibon. 

A Practical Treatise on the Steam Engine, con- 
taining Plans and Arrangements of Details for Fixed Steam Engines, 
with Essays on the Prindples involved in Design and Construction. By 
Arthur Rigo, Engineer, Member of the Sodety of Engineers and of 
the Royal Institution of Great Bntain. Demy 4to, copiously ilhistraUd 
with woodcuts and ffo plates, in one Volume, half-bound morocco, 2/. zr. 

This work is not, in any sense, an elementary treatise, or history of the steam engine, but 
is intended to describe examples of Fixed Steam Enginet without entering into the widn 
domain of locomotive or marine practice. To this end ulustrattons will be given of ^e moat 
recent arrangemenu of Horizontal, Vertical, Beam, Pumping, Winding, Portable, Semi- 
portable, Corliu. Allen, Compound, and other similar Engines, by the most eminent Firais in 
Great Britain and America. The laws relating to the actioa and precautions to be obsenred 
in the construction of the rarious details, such as Cylinders, IMstons, Piston-rods, Connecting- 
rodx, Crosvheads, Motion-blocks, Eccentrics, Simple, Eiraansion, Balanced, and Equilibrium 
Slide-valves, and Valve^enriiMr will be minutely dealt with. In this copntctioa w3i be foand 
articles upon the Veloaty of Redprocadng Parts and the Mode of Apiplying the Indicator, 
Heat ana Expansion of Steam Governors, and the Uke. It is the writer's desire to draw 
illuotrations from every possible source, and give only those rules that present practice deems 
correct. 
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